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My graduate work has focused on the development of new fluorophore materials 
towards addressing several interdisciplinary research problems.  Selective detection of 
sialic acid via a boron-amide interaction.  Concentration changes of sialic acid can be 
monitored ratiometrically in the visible region using a boronic acid based chemosensor.  
The technique shows great promise for the detection of sialic acid, a critical cell surface 
residue involved in cancer, graft rejection and virulence in certain bacteria.  There is no 
interference from commonly occurring oligosaccharides, aminosugars and most 
carboxylic acid-containing compounds.  Improved synthetic methodology and studies of 
novel molecular probe architectures. I have developed a unique synthesis of xanthene 
dyes.  It involves the initial formation of methylated carbinol intermediates, followed by 
demethylation and concomitant condensation.  I successfully applied the methodology to 
the synthesis of hitherto unavailable type [a] and [b] benzoxanthene architectures.  
Importantly, the new dyes can display three emission maxima of approximately equal 
intensities, in the blue, green and red spectral regions, or in the blue, orange and near 
infra-red regions.  When excited at ca. 300 nm, one of the fluorophores emits near white 
light, which resembles the white light from an incandescent light bulb.  Discovery of a 
novel boron mediated 1-2 aryl shift reaction on substrates bearing a leaving group at a 
remote benzylic position.  During the course of my work involving xanthene dye 
synthesis I discovered a new reaction (Scheme 1) reminiscent of the prototypical 1,2-




MILD COLORIMETRIC DETECTION OF SIALIC ACID 
1.1  Introduction 
As part of our broader program focusing on the detection of colorless 
biomolecules in the visible region, I report a simple and mild procedure for the visual 
detection of the most abundant sialic acid at room temperature and neutral pH.  I employ 
a boronic acid-based receptor which has been readily synthesized in my laboratory.  The 
role of the interaction of the sialic acid amide with boron is an important feature of the 
signaling mechanism.  I find that selectivity can be tuned by the judicious choice of 
solvents.  This study embodies a departure from many of earlier efforts in that sugar 
solutions are not heated, affording relatively more selective and milder detection.  
Key words:  Sialic acids; Uronic acid; Sugar; Saccharides; Resorcinarene; 
Calixarenes. 
Sialic acids are important cell surface residues.  They occur in glycoproteins, 
glycopeptides and glycolipids.  They play roles in cell to cell communication in humans 
and in the increased virulence in certain bacteria.  Changes in sialic acid levels can lead 
to alterations in cell adhesion which may promote certain cancers as well as graft 
rejection.  An increase in the levels of both soluble and cellular sialic acid can be a 
marker for cancer diagnosis1. 


















The most commonly occurring sialic acid is N-acetylneuraminic acid1 (Scheme 
1.1).  The Warren and Svennerholm color tests are the most widely used in assays for 
sialic acid2.  These methods are tedious and require high temperatures, harsh reagents and 
suffer from interference with other analytes2.  In addition, many analyses require prior 
liberation of sialic acid residues from larger biomolecules to determine sialic acid levels.  
In the case of acid hydrolysis, destruction of sialic acids is observed3.  During enzymatic 
hydrolysis incomplete sialic acid liberation can be a problem2e.  
The mechanism of signal transduction arising from the interaction of sugars with 
boronic acid-appended dyes is currently well-known4.  Our group reported that 
calix[4]resorcarenes and structurally-related 1.2 form xanthene chromophores (e.g., 1.3, 
Scheme 1.2) upon heating in DMSO solutions5.  Our group demonstrated that heating 
aqueous DMSO solutions of 1.2 or boronic acid-derived resorcinarene macrocycle-
derived chromophores in the presence of sugars could be used for the detection of neutral 
and charged saccharides including, 1.15a.  Prior research in the area of boronic acid-
promoted signaling of 1.1 has shown that there are difficulties in selective detection.  For 
instance, uronic acids and fructose can be potentially significant interferents6.  Herein I 
report new methodology towards a selective, mild and potentially non-hydrolytic assay 
for sialic acid.  No heating of analytes solutions is necessary in the current study. 
1.2 Results and Discussion 
Colored aqueous DMSO solutions containing 1.2, mixed with various analytes (in 
buffered H2O, pH 7.4, 9:1 DMSO-H2O) at room temperature, exhibit a selective color 
change for sialic acid (1.1) that is observable by visual inspection (Figure 1.1).  The 
analytes shown include known interferents in the Warren assay for sialic acid2.  
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Scheme 1.2  The conversion of colorless 1.2 to chromophore 1.3.  The colored solutions 
are relatively stable for at least 36 h (≤1.4 % absorbance change).  Our previous studies5c 
have shown that ca.1-10 µmol l-1 concentrations of chromophores are typically produced 







Br Br Br Br
1.2 1.3  
 
Figure 1.1  Instant and selective color change observed upon addition of 1 to colored 
solutions containing 1.2 and 1.3.  Compound 3 is the active chromophore.  
UV-Vis spectroscopy studies show that concentration changes of 1.1 can be 
monitored ratiometrically in the visible region (Figure 1.2) in colored 9:1 DMSO-H2O 
solutions containing 1.2 (5.2 mmol l-1).  An increase in absorbance is observed at 475 nm 
and at 535 nm a concomitant decrease is observed upon increasing the concentration of 
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1.1.  Solutions of other carboxylic acid-containing sugars, such as glucuronic acid and 
galacturonic acid, exhibit weaker absorbance changes (535 nm) compared to 1.1 (Figure 
1.3).  In addition, no observable spectroscopic or visible color changes are promoted by 
the addition of fructose, glucose, galactose, linear maltodextrins (maltose through 
maltoheptaose), glucosamine or acetic acid (at a concentration of at least 45 mmol l-1 of 
each) to colored chemosensor solutions.  This indicates that this technique shows promise 
for the detection of 1.1 without interference from many commonly occurring neutral 
saccharides including oligosaccharides, aminosugars and certain carboxylic acid 
containing compounds. 
Ratiometric absorbance increases at 475 nm (shorter wavelength visible λmax) and 
decreases at 535 nm (longer visible wavelength λmax) are well-known to occur in 
xanthene dye solutions upon raising solution acidity.  Consistent with this behavior, our 
group previously showed that an increase at 475 nm and decrease at 535 nm occurs upon 
increasing the acidity of solutions containing 1.35b.    Based on pH titration experiments, I 
proved that the addition of sugars to solutions of 1.3 in buffered media also resulted in a 
significant absorbance decrease at 535 nm.   The fact that this occurred in buffer solution 
showed that sugars lower the pKa of the chromophoric receptor.  This is in keeping with 
the highly precedented behavior of boronic acid dyes upon binding to compounds 
containing cis-diols4.   
In addition, I demonstrated, via NMR and IR spectroscopy, that acid-containing 
sugars can also lower the pKa of the chromophoric receptor 1.3 via charged hydrogen 
bonding to the xanthene oxygens in neutral media.  Sialic acid (1.1), and glucuronic and 
galacturonic acid each contain carboxylate groups.  In addition, galacturonic acid 
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contains two cis-diol moieties and α-glucuronic acid contains one cis-diol.  Thus, each of 
the three analytes promotes an absorbance decrease at 535 nm (Figure 1.3). 
Sialic acid, however, possesses acyclic triol functionality but no cis-diol 
configurations on the pyranose ring.  Despite the fact that cyclic cis-diols are known to 
bind boronic acids much more effectively than their acyclic counterparts4, I observe 
enhanced signaling for 1.1 as compared to the uronic acids.  Boron-nitrogen interactions 
are well-precedented for lowering the working pKa of boronic acid dyes4.  I thus attribute 
the relatively greater UV-Vis changes observed upon sialic acid binding to 1.3 to a 












Figure 1.2  Addition of 1.1 (0-14 equiv) to colored solutions of 1.2 (5.2 mmol l-1)and 1.3. 
A blue shift is observed upon the initial addition of 1.1. 
In contrast to 1.3, most known boronic acid-functionalized dyes contain an aniline 
nitrogen which coordinates to a boronic acid moiety which is not conjugated to a 
chromophore or fluorophore4.  This boron-nitrogen coordination effect is well-known to 












Figure 1.3  Galacturonic acid (●), glucuronic acid (▲) and sialic acid (1, ■) each added 
to colored solutions of 1.2 and 1.3 (5.2 mmol l-1).  The absorbance change at 535 nm is 
greatest for 1.1 compared to the other sugar acids.  The contribution of the boron-amide 
interaction between 1.1 and 1.3 plays a role in binding and signaling.  The error bars 
denote the range of absorbance values based on three sets of data. 
that an interaction between the amide of 1.1 and the boron atom of 1.3 promotes 
colorimetric selectivity over uronic acids and neutral sugars.  The boron-amide 
interaction between 1.1 and 3-(propionamidophenyl)boronic acid has been recently 
demonstrated by NMR spectroscopy7.  These prior studies showed that the boron-amide 
interaction accounted for the known selectivity8 of boronic acid for sialic acid (1) over 
glucose, mannose and galactose.  Their evidence for the B-N/B-O interaction was 
demonstrated by 1H-15N PFG-HMQC experiments.  Significant chemical shifts for the 
amide N-H proton and boron (11B NMR) were observed.  Studies involving sugars with 
greater affinity for boronic acids than 1.1 (e.g., fructose) or sensing were not contained 
within the scope of the previously reported work7.  To the best of my knowledge, the 
study of a boron-amide interaction towards the selective colorimetric detection of sialic 





























1.4 1.5  
Scheme 1.3   Structures of complexes 1.4 and 1.5. 
1H, 13C and 2-D ROESY NMR results confirm the occurrence of the boron-amide 
interaction and the structures of 1.4 (in which the boron-amide interaction can occur) and 
1.5 which are formed via the condensation reaction of 1.1 and 1.2 (Scheme 3).  I observe 
an excellent correlation in chemical shifts with the analogous known complexes of (3-
propionamidophenyl)boronic acid7 and isomer 1.4 (Table 1).  Of particular note is the 
expected, characteristic upfield shift (from 8.06 ppm in solutions of uncomplexed 1.1) of 
the amide nitrogen proton of 1.4 which appears at 7.69 ppm (literature value for the 
complex of 1.1 and (3-propionamidophenyl)boronic acid is 7.74 ppm7).  In contrast, the 
amide nitrogen proton of complex 1.5 resonates at 8.10 ppm (literature value for the 
complex of 1.1 and (3-propionamidophenyl)boronic acid is 8.12 ppm7).  The upfield shift 
for the N-H proton of 1.4 is attributed to the interaction of the amide moiety with boron, 
which cannot occur in isomer 1.5 (Figure 1.4). 
In addition, an expansion of the key region of the 2D ROESY NMR (Figure 1.4) 
of a mixture of 1.1 and 1.2 offers further evidence for an amide-boron interaction in 
complex 1.4.  The protons on carbons 4, 5 and 6 (see Scheme 1.4) exhibit through-space 
interactions with the NH proton of 1.4 while the proton on carbon 7 does not.  An 
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Table 1.1  1H and 13C NMR chemical shifts of complex 1.4. 





H-4 3.80  3.80 m 
H-5 3.86 3.89 d (8.71) 
H-6 3.91 br d (10.3) 3.97 br d (9.8) 
H-7 3.97 br d (3.9) -----d 
H-8 4.38 m 4.30 m 
N-H 7.74 d (7.8) 7.69 d (8.7) 
C-4 66.63 66.60 
C-5 52.22 52.22 
C-6 70.22 70.23 
C-7 72.74 72.77 
C-8 65.44 65.63 
C-10 169.56 169.37 
a coupling constants (J) in Hz are shown in parenthesis (br:broad; d: doublet; m: 
multiplet). bcompound 1.4, Figure 1.4  c see ref. 7. d overlapped. 
interaction between H-7 and the NH proton of compound 1.1 is, however, evident.  I 
attribute the disappearance of the H-7/NH interaction in 1.4 to boronate ester formation 
involving the hydroxy groups on C-7 and C-8 of the glycerol moiety and concomitant 
boron-amide interaction.  A significant interaction between the amide group and the 
boron atom in complex 1.4 would lead to restricted rotation of the glycerol side chain and 
necessarily force H-7 away from the amide NH.  This study confirms prior NMR 
investigations of the boron-amide interaction7 via a through-space, conformational 




Figure 1.4  Expansion of the 2D ROESY NMR of a mixture of 1.1 and 1.2 showing key 
interactions of 1.1 and 1.4. 
The interaction between boronic acids and diols is known to involve equilibria 
between neutral trigonal and anionic tetrahedral charge and hybridization states of 
boron4.  The buildup of tetrahedral boronate anion, ArB(OH)3
- is relatively favored in 
H2O4.  If the boron-amide interaction indeed plays a major role in the binding and 
signaling in a complex of 1.1 and 1.3, then absorbance changes based on the interaction 
of 1.1 and 1.3 should diminish as the proportion of H2O:DMSO is increased.  This is due 
to the fact that H2O, at increased concentrations, should effectively compete with the 
amide of 1.1 for binding to the boron atom of 1.3 as a fourth ligand.  Furthermore, 
selectivity towards sugars such as fructose, with known high affinities for boronic acids8, 
should be enhanced upon increasing the proportion of H2O to DMSO, as the tetrahedral 
boronate anion, ArB(OH)3
-, forms relatively strong covalent bonds to sugars in H2O4.  In 
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addition, cyclic cis-diols such as fructose preferentially bind to boronic acids which 
should afford selectivity for fructose over the acyclic glycerol moiety of 1.1. 
In support of this hypothesis, I find that the UV-Vis spectra of colored 
chemosensor 1.3 in the presence of 1.1 (10.4 mmol l-1) or fructose (10.4 mmol l-1) change 
relative to variations in solvent proportions.  As expected, upon increasing the proportion 
of H2O:DMSO, selectivity towards fructose increases while sialic acid selectivity 
decreases.  Figure 1.5 shows a plot of the changes in the λmax (∆A) shift vs. the 
proportion of H2O:DMSO in solutions containing 1.1 or fructose.  Successively greater 
shifts in wavelength are observed as the % DMSO is raised in solutions containing 1.1.  
The opposite effect is observed for fructose solutions; wavelength shifts successively 
increase as the proportion of H2O increases.  In addition, I observe absorbance increases 
in solutions of fructose in 100 % H2O (500 nm λmax) by 5.1 % (compared to a 0 % 
increase in 10 % H2O in DMSO, 535 nm λmax).  Conversely, the absorbance change 
observed upon addition of 1.1 to colored solutions of 1.2 in 100 % H2O (500 nm) is 
negligible.  In 10 % H2O in DMSO an absorbance decrease of 16.3 % occurs (535 nm) in 
the presence of 1.1.  Judicious solvent choice thus plays a role in tuning the absorbance 
responses promoted by sialic acid, 1.1. 
1.3 Experimental 
Compound 1.2 is synthesized according to the previously reported procedure5b.  
All other reagents and solvents are purchased from Sigma-Aldrich.  HEPES buffer is 
prepared by dissolving HEPES in distilled H2O and adjusting the pH to 7.4 upon addition 




Figure 1.5  The effect of solvent on the detection of sialic acid (1.1, ▲) or fructose (■) 
by 1.3 (concentration of 1.2 is 5.2 mmol l-1).  As the proportion of DMSO to H2O is 
increased, greater selectivity for 1.1 (2 equiv) is observed via both a blue shift and 
absorbance decrease.  As the proportion of H2O is increased, greater selectivity for 
fructose (2 equiv) is observed via both a blue shift and absorbance increase.  Compound 
1.3 without added sugar exhibits a successive λmax blue shift from 535 nm to 500 nm 
upon changing the solvent proportion from 90 % DMSO in H2O to 100 % H2O.  The ∆-
values displayed on the axes for λmax and absorbance refer to changes upon addition of 
fructose or glucose as compared to solutions of chromophore without sugar.  The final 
concentration of HEPES buffer used in each of these experiments is 0.26 mol l-1 (pH 7.4). 
are pre-heated at a gentle reflux in DMSO for 3 min and allowed to cool to room 
temperature prior to all analytical studies.  Sugar solutions are added at room 
temperature.  Analyte-containing solutions are prepared in H2O (pH 7.4) prior to mixing 
with the DMSO/colored 1.2 solutions.  No sugar-containing solutions are heated.  All 
detection is performed at room temperature.  The concentration of buffer in the H2O 
solution used in detection experiments is 0.26 mol l-1.  The final concentration of 1.2 used 
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in all experiments is 5.2 mmol l-1 (1.3 is present at ca. µmol l-1 levels5c).  UV-Vis spectra 
are recorded on a Spectramax Plus (Molecular Devices).  1H and 13C NMR spectra are 
acquired in DMSO-d6 on a Bruker DPX-250 or DPX-400 spectrometer.  The 
concentrations of 1.1 and 1.2 in the NMR experiments are 100 mmol l-1.  All δ values are 
reported with DMSO at 2.49 ppm for 1H NMR and 39.5 ppm for 13C NMR as references.  
The 2D ROESY data are collected on a Bruker AMX-500 with a 5 mm 1H/13C dual 
probe, at 298 K, using a 9.2 µs pulse (90º).  The delay between transients is 2 s, the 
mixing time is 300 ms, and 64 scans per increment are collected.  A total of 2,048 data 
points in F2 and 256 data points in F1 are collected over a spectral window of 12 ppm in 
both dimensions with an initial evolution time of 3 µs.  Data are zero-filled to create a 
2,048 by 1,024 matrix and processed using a squared sine (qsin) window function in both 
dimensions. 
1.4 Conclusion 
I have found that 1.1 can be detected in colored solutions containing 1.2 with 
excellent selectivity.  The selectivity is attributed, in large part, to the precedented7 
coordination of the amide moiety of sialic acid to boron.  I have confirmed the existence 
of the boron-amide interaction via 2D-ROESY NMR.  The moderate degree of signaling 
caused by uronic acids may be attributed to changes in the polarity of the 
microenvironment of the colored chemosensor or binding to the carboxylic acid5c,9.  The 
investigation of these potential latter effects and their possible contribution to the sialic 
acid signaling observed is ongoing in our laboratory.  The effect of solvent on selectivity 
has been investigated.  The monitoring of sialic acid using our methods in media such as 
DMSO/H2O mixtures could lead to an efficient means of directly determining the sialic 
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acid content of relatively hydrophobic important biomolecules such as gangliosides, 
which do not contain uronic acid moieties. 
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A CONVENIENT PREPARATION OF XANTHENE DYES* 
2.1 Introduction 
A facile synthetic route utilizing readily available reagents affords a series of 
regioisomerically pure xanthene dye derivatives.  Advantages include relatively mild 
conditions and good to excellent yields.  Non-polar, highly crystalline intermediates are 
isolable by standard chromatographic techniques.  The intermediates are in the requisite 
xanthene oxidation state, thus avoiding the need for relatively inefficient oxidation 
chemistry and/or harsh conditions.  During the course of this work, a new boron-
mediated 1,2-aryl migration reaction was discovered. 
Fluorescein and fluorone are structurally-related xanthene dyes (Figure 2.1).  
Fluorone is formally decarboxylated fluorescein.  Fluorone derivatives have found 
numerous applications.  They have been used in the detection of a variety of metal ions,1 
sugars,2 phosphorylated molecules,3 HIV-1 nucleocapsid protein,4 reactive oxygen 
species,5 in screening assays for mitochondrial permeability,6 acetylcholinesterase 
inhibition7 and telomerase inhibition.8  Our group have reported the use of fluorones as 
sialic acid9 and homocysteine probes.10  
The initial fluorone synthesis was reported by Mohlau and Koch.11 Typical 
syntheses include the following sequence: (i) formation of the leuco base via the  
 
*Reprinted with permission from Journal of Organic Chemistry, 2005, Volume 70, pages 
6907-6912; Youjun Yang, Jorge O. Escobedo, Alexander Wong, Corin M. Schowalter, 
Michael C. Touchy, Lijuan Jiao, William E. Crowe, Frank R. Fronczek and Robert M. 


















Figure 2.1  Structures of some common xanthene dyes. 
condensation of resorcinol with aldehydes under thermal and acid-catalyzed conditions 
and (ii) the formation of dye via the oxidation of the leuco base.  It has been reported that 
the oxidation step is often low-yielding.  Additionally, there can be purification problems 
due to the formation of by-products and the relatively polar nature of fluorone 
derivatives.12  
Recently, a novel and innovative microwave protocol resulted in improved yields 
in related rosamine derivative syntheses.12d The microwave-assisted condensation and 
oxidation gave relatively higher yields (typically ranging from 27 % to 73%) than 
traditional thermal condition (typical ranges from 8 % to 35%).  
Fluorone dye preparations have also been reported earlier by Neckers et al. as part 
of his extensive and pioneering work on xanthenes, involving heating intermediates in a 
sealed tube at 200 ºC. Benzophenones have also been used as condensation partners in 
high temperature, acid-catalyzed syntheses of xanthenes.14  A novel oxidation reaction of 
substituted triphenylmethanes has been reported to occur via Br2/CCl4.15 
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Herein, I report a simple new protocol for attaining a series of fluorone 
derivatives.  It is based on forming tertiary carbinol leuco bases via Grignard reactions. 
Treatment of carbinol leuco bases with BBr3 affords the desired dyes.  The carbinol 
intermediate is much less polar than the dye products.  It can thus be purified via standard 
column chromatography.  These intermediates are often highly crystalline (vide infra).  
The carbinol carbon is already in the correct oxidation state of the desired dyes.  
Therefore, potentially troublesome oxidations are avoided.  The dye products can be 
purified by simple filtration methods without chromatography.  The use of low 
temperature, basic conditions may serve as an attractive alternative to more common, 
relatively harsh acid-catalyzed and oxidative methods.  In addition, during the course of 
this work I discovered a novel 1,2-aryl migration mediated by boron which furnishes 
potentially useful dendrimer cores as well as dye architectures. 
2.2 Results and Discussion 
In my initial investigations, I use free radical bromination of appropriate triaryls 
as a means to obtain dye precursors with the requisite oxidation state.  Tetramethylether 
2.2 is obtained in nearly quantitative yield by stirring 2.116 via known procedures.17  
Compound 2.2 (500 mg in 20 mL CCl4) is treated with NBS (1.05 equiv) in the presence 
of a catalytic amount of (PhCO2)2 in CCl4 (Scheme 2.1).  
Upon washing the crude brominated product with a saturated NH4Cl solution, 
carbinol 2.4 is obtained in a 13% yield. Reverse condensation product 2.5 and brominated 
congener 2.6 are also obtained in 6% and 15% yields respectively.  The mechanism of 
resorcinarene reverse condensation has previously been studied in great detail.12c,18  
Compound 2.5 and 2.6 were synthesized independently.19 The structures of 2.1, 2.2, 2.4, 
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2.5 and 2.6 are verified by single crystal X-ray structural analysis (supporting 
information). 


































13% 6% 15%  
Since solvolysis of bromide 2.3 occurs readily during workup,15 I decided to 
synthesize carbinol precursor directly.  It is conveniently accessed by the reaction of 
readily available Grignard reagents and esters.  Compound 2.9 is obtained in one step in a 
yield of 96% by reacting 2,4-dimethoxybenzenemagnesium bromide 2.7 and methyl 
benzoate 2.8 (Scheme 2.2).  The structure of 2.9 is confirmed by X-ray crystallography 
(supporting information).  When 2.9 is treated with BBr3 (6 equiv), monomethylether 
2.10 is obtained in 64% yield.  Using a greater excess of BBr3 (16 equiv) furnishes fully 
deprotected 2.11 in a 65% yield.  Compound 2.11 is conveniently isolated by filtration 
(Scheme 2.3). 
It is straightforward to apply the above protocol to the synthesis of a series of 
regioisomerically-pure fluorone dyes.  When various methyl benzoates 2.12a-e are used, 
the corresponding carbinols 2.13a-e are obtained in excellent yields (> 90%).  The 
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Scheme 2.3 Synthesis of fluorone via demethylation by BBr3. 










1) 16 equiv BBr3
2) H+
 
reaction of the carbinols 2.13a-d with 16 equiv BBr3 furnishes the corresponding 
fluorone dyes with yields ranging from 70 %-88 % while deprotection of 2.13e affords 
methyl ether 2.15 (Table 2.1). Compound 2.15 is completely deprotected using 20 equiv 
BBr3 to furnish 2.14e in a 76 % yield (Scheme 2.4). In each case, the fluorone products 
are obtained without preparative chromatography.  The structures of 2.13b and 2.13e are 
confirmed by single crystal X-ray structure analysis (supporting information). 
2.3  Discovery of a novel boron mediated 1,2-aryl shift reaction with a leaving 
group at the remote benzylic position. 
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In order to prepare a potential sialic acid sensor 2.169, carbinol 2.17 was targeted 
(Scheme 2.5).   

















2.12a-e 2.13a-e 2.14a-d  
Entry Substrate R1 R2 Carbinol Carbinol yield (%) Fluorone Fluorone Yield (%) 
1 2.12a Br H 2.13a 92 2.14a 70 
2 2.12b Ph H 2.13b 99 2.14b 87 
3 2.12c OMe H 2.13c 83 2.14c 96 
4 2.12d H NO2 2.13d 91 2.14d 73 
5 2.12e NO2 H 2.13e 95   
 









1) 16 equiv BBr3
2) H+
85%





The reaction of 7 (2.4 equiv) and 2.18 (1 equiv), however, affords compound 2.19 
in 13% yield.  When 3.6 equiv 7 is used, the yield of 2.19 improves to 32%.  In each run, 
2,4-dimethoxyphenylboronic acid 2.20 is isolated in trace amounts (Scheme 2.6).  
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Structures of 2.18, 2.19 (Figure 2.2) and 2.20 were confirmed by single crystal X-ray 
structure analysis (supporting information). 










































A proposed mechanism for the formation of compound 2.19 is shown in Scheme 
2.7.  The first equivalent of 2.7 reacts at boron to form the tetrahedral anionic boronate 
2.21.  This is supported by the fact that 2.18 is quantitatively recovered when 1 equiv of 
2.7 is added to a solution of 2.18 and stirred overnight before quenching with water.  The 
second and third equivalents of 2.7 react with the ester to afford the tertiary oxide 2.22.  




Figure 2.2 X-ray structure for 2.19.  
1,2-alkyl shifts have been known for decades.20  In 1963 Matteson described the 
prototypical 1,2-alkyl shift involving α-haloalkyl borates.21  Negishi and co-workers 
established the analogous 1,2-rearrangement of 1-chloroalkyl complexes of Al, Mg, Zn, 
Cd, Ti, Zr, Hf, V, Cr, Mn, Fe, Co, Ni and Cu.22  It has also been found that 
organoboronate complexes bearing α,β-unsaturation and leaving groups at the α− and 
γ− carbons can undergo a 1,2-alkyl group migration to afford homologated organoboron 
compounds.23  A recent paper described a transformation whereby an organozincate 
bearing a leaving group at the remote benzylic position would rearrange with 
concomitant carbon-carbon bond formation to furnish the benzylzincate22j,24 (Scheme 
2.8).  In the current case (Scheme 2.7) the boronic acid is not found in the final product.   
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This is the first observation of a 1,2-aryl group migration mediated by an arylboronate 
complex involving a leaving group at a remote benzylic position.  Compound 19 and 












Carbinol leuco bases are easily prepared and purified precursors for fluorone 
dyes.  A novel reaction which involves a boron mediated 1,2-aryl shift reaction with a 
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leaving group at a remote benzylic position is described.  The methods described herein 
are now being utilized in our lab towards the synthesis of new naphthofluorescein dye 
architectures currently unattainable via other methodology. 
2.5 Experimental 
All chemicals were used as received.  THF was dried by distilling over Na metal 
using benzophenone indicator.  Freshly distilled THF was used in all reactions unless 
indicated otherwise.  HPLC grade solvents, such as DCM, EtOAc and hexane are used as 
received.  All glass apparatus was oven dried at 110 ºC for 2-4 h and flushed with dry 
nitrogen.  Analytical thin-layer chromatography (TLC) was performed using 60-Å 
general-purpose silica gel on glass.  TLC plates were visualized with UV light.  Column 
chromatography was performed using silica gel (60 Å, 230-400 mesh).  All δ values of 
NMR spectra are reported with DMSO-d6 at 2.49 ppm or CDCl3 at 7.26 ppm for 1H NMR 
and DMSO- d6 at 39.5 ppm or CDCl3 at 77.3 ppm for 13C NMR as references.  Coupling 
constants are reported in Hz.  Crystal structure determinations were carried out using data 
collected with MoKα radiation on a Kappa CCD diffractometer. All diffraction data were 
measured at low temperature (100-110 K) except for those for compound 2.13e, which 
were collected at 298 K.  All crystals for single crystal X-ray diffraction studies were 
grown from a saturated acetone solution except for compounds 2.5, 2.6 (crystals were 
grown from CDCl3) and 2.13b (crystals were grown from a 1:3 mixture of hexane and 
EtOAc. 
5,5’-dichloro-2,2’,4,4’-tetramethoxytrityl alcohol (2.4) 
In a 50 mL round-bottom flask, compound 2.2 (0.500 g, 1.18 mmol) and NBS 
(0.315 g, 1.77 mmol) are dissolved in 20 mL CCl4.  A catalytic amount of benzoyl 
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peroxide (~10 mg) is added.  The reaction mixture is heated at reflux for 1 h with 
vigorous stirring.  It is cooled to rt and quenched with 50 mL saturated NH4Cl (aq).  The 
mixture is extracted with CH2Cl2 (3×15 mL) and the combined extracts are dried over 
MgSO4, filtered, and the filtrate evaporated to dryness.  The solid residue is purified by 
flash column chromatography (silica gel; CH2Cl2) to give 72 mg (14%) 2.4 along with 18 
mg (6%) 2.5 and 43 mg (15%) 2.6.  The structures of 2.5 and 2.6 were verified via 
independent syntheses (vide infra).  Data for 2.4:  1H NMR (DMSO-d6, 250 MHz) δ 7.23-
7.16 (m, 5H), 7.05 (s, 2H), 6.76 (s, 2H), 5.52 (s, 1H), 3.88 (s, 6H); 13C NMR (DMSO-d6, 
62.9 MHz) δ 156.6, 154.4, 146.0, 129.0, 127.3, 127.3, 127.0, 126.4, 111.3, 98.8, 78.0, 
56.2, 55.9.  MALDI-Tof m/z  431.517 [M-OH]+, 447.544 [M]+. 
5-chloro-2,4-dimethoxybenzophenone (2.5) 
A 20 mL of CH3CN solution containing 2,4-dimethoxybenzophenone (0.500 g, 
2.07 mmol) and NCS (0.200 g, 2.17 mmol) is mixed with 100 mg of 60 Å silica gel.  The 
reaction mixture is heated at reflux for 5 h with vigorous stirring and cooled to rt.  Silica 
gel is removed via suction filtration and CH3CN is removed under reduced pressure.  The 
residue is purified by flash column chromatography (silica gel; CH2Cl2) to afford 0.470 g 
(82%) of 5.  1H NMR (DMSO-d6, 250 MHz) δ 7.68-7.60 (m, 3H), 7.52-7.70 (m, 2H), 
7.39 (s, 1H), 6.89 (s, 1H), 3.97 (s, 3H), 3.69 (s, 3H); 13C NMR (DMSO-d6, 62.9 MHz) δ 
193.6, 157.7, 157.6, 137.6, 133.1, 130.1, 129.1, 128.5, 121.0, 112.5, 98.1, 56.6, 56.2.  
MALDI-Tof m/z 276.1 [M] +, 277.4 [M+H]+, 299.0 [M+Na]+, 314.9 [M+K]+. 
1-bromo-5-chloro-2,4-dimethoxy-benzene (2.6) 
This compound was prepared following the procedures above for compound 2.5 
except that 2,4-dimethoxybromobenzene (1.507 g, 6.9 mmol) is used instead of 2,4-
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dimethoxybenzophenone. The yield of 2.6 (1.22 g) is 70%.  1H NMR (DMSO-d6, 250 
MHz) δ 7.55 (d, J=1.2 Hz, 1H), 6.83 (d, J=1.2 Hz, 1H), 3.89 (s, 3H), 3.88(s, 3H); 13C 
NMR (DMSO-d6, 62.9 MHz) δ 155.4, 155.0, 132.1, 112.7, 100.5, 98.6, 56.6, 56.5.  
MALDI-Tof m/z 247.890 [M]+. 
2,2’,4,4’-tetramethoxytrityl alcohol (2.9)  
Magnesium turnings (0.543 g, 22.3 mmol) and a few crystals of I2 are placed in a 
250 mL three-neck round-bottom flask fitted with a dropping funnel and a condenser.  A 
solution of 2,4-dimethoxybromobenzene (5.0 g, 23.0 mmol) in 20 mL anhydrous THF is 
added dropwise to the magnesium.  The mixture is stirred for 20-30 min.  The resulting 
Grignard reagent (2,4-dimethoxyphenylmagnesium bromide) is cooled in a dry 
ice/acetone bath before a solution of methyl benzoate (1.25 g, 9.38 mmol) in 40 mL dry 
THF is added dropwise.  The mixture is stirred overnight and then quenched with 100 mL 
of distilled water and neutralized with 2N HCl.  The unreacted 2,4-
dimethoxybromobenzene as well as THF are removed by steam distillation.  The 
resulting mixture is extracted with CH2Cl2 (3×30 mL) and the combined extracts dried 
over MgSO4, filtered and the filtrate evaporated to dryness.  The residue is purified by 
flash chromatography (silica gel; EtOAc-hexane, 20:80) to afford 3.49g (96%) of 2.9.  
Compound 2.9 was prepared previously via other methodology.25  NMR data is in 
agreement with the assigned srtucture:  1H NMR (DMSO-d6, 300 MHz) δ 7.21-7.10 (m, 
5H), 6.86 (d, J=8.6 Hz, 2H), 6.52 (d, J=2.2 Hz, 2H), 6.42 (dd, J=8.6, 2.2Hz, 2H), 5.17 (s, 
1H), 3.73 (s, 6H), 3.40 (s, 6H); 13C NMR (DMSO-d6, 75.5 MHz) δ 159.7, 157.9, 147.4, 
129.2, 127.4, 126.7, 127.9, 104.1, 99.5, 79.1, 55.4, 55.1.  
9-phenyl-6-methoxy-3-fluorone (2.10)  
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A solution of 2.8 (0.178 g, 0.468 mmol) in 10 mL dry CH2Cl2 is cooled to -78 ºC 
using a dry ice/acetone bath before BBr3 (0.935 g, 3.74 mmol) is added dropwise.  The 
mixture is allowed to warm to rt gradually before quenching with 20 mL of distilled H2O.  
The mixture is extracted with CH2Cl2 (3×10 mL).  The combined extracts are dried over 
MgSO4, filtered, and the filtrate concentrated under reduced pressure.  The residue is 
purified by flash chromatography (silica gel, EtOAc) affording  90 mg (64%) of 2.10.  1H 
NMR (DMSO-d6, 250 MHz) δ 7.63-7.61 (m, 3H), 7.47-7.43 (m, 2H), 7.21 (d, J=2.4 Hz, 
1H), 7.08 (d, J=9.0 Hz, 1H), 7.01 (d, J=9.7 Hz, 1H), 6.94 (dd, J=9.0, 2.4 Hz, 1H), 6.42 
(dd, J=9.7, 1.8 Hz, 1H), 6.21 (d, J=1.8 Hz, 1H), 3.90 (s, 3H); 13C NMR (DMSO-d6, 62.9 
MHz) δ 183.8, 164.1, 158.4, 154.0, 149.2, 132.4, 130.8, 129.7, 129.6, 129.5, 129.4, 
128.8, 117.0, 113.9, 113.6, 104.7, 100.6, 56.3.  MALDI-Tof m/z 303.154 [M+H]+. 
9-phenyl-6-hydroxy-3-fluorone (2.11)  
To a stirred solution of 2.8 (0.400 g, 1.05 mmol) in 10 mL dry CH2Cl2 at -78 ºC, 
BBr3 (4.20 g, 16.8 mmol) is added dropwise.  The mixture is warmed to rt gradually 
before quenching with 20 mL distilled H2O.  After 20 min stirring, filtration leads to 
collection of a red precipitate (2.11).  A sample for analytical purposes is obtained by 
flash chromatography (silica gel, EtOAc:MeOH 9:1).  197 mg (65%) of 2.11 is collected. 
Compound 2.11 is known; however, no characterization data was previously reported via 
the older synthetic methods.26  1H NMR (DMSO-d6, 250 MHz) δ 7.63-7.60 (m, 3H), 
7.46-7.43 (m, 2H), 7.01 (d, J=9.2Hz, 2H), 6.60 (dd, J=9.2, 2.1 Hz, 2H) 6.60 (d, J= 2.1 
Hz, 2H);  13C NMR (DMSO-d6, 62.9 MHz) δ 156.3, 149.8, 132.5, 130.5, 129.5, 129.3, 
128.8, 114.6, 103.4. 
2,2’,4,4’-tetramethoxy-4’’-bromotrityl alcohol (2.13a)  
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This compound was prepared following the protocol described above for 
compound 2.9 except that 4-bromo methyl benzoate 2.12a (2.01 g, 9.38 mmol) was used 
as the ester.  The yield of 2.13a (3.97 g) is 92%.  1H NMR (DMSO-d6, 300 MHz) δ 7.25 
(d, J=8.5 Hz, 2H), 6.94 (d, J=8.5 Hz, 2H), 6.83 (d, J=8.6 Hz, 2H), 6.42 (d, J=2.0 Hz, 2H), 
6.34 (dd, J=8.6, 2.0 Hz, 2H), 5.17 (s, 1H), 3.63 (s, 6H), 3.32 (s, 6H); 13C NMR (DMSO-
d6, 75.5 MHz) δ 159.9, 157.8, 147.2, 129.7, 129,4, 129.1, 125.9, 118.9, 104.2, 99.4, 78.5, 
55.3, 55.1.  MALDI-Tof m/z 457.880 [M]+, 441.521 [M-OH]+, 481.532 [M+K]+. 
2,2’,4,4’-tetramethoxy-4’’-phenyltrityl alcohol (2.13b)  
This compound is prepared following the procedure described above for 
compound 2.9 except that 4-phenyl methyl benzoate 2.12b (1.13 g, 5.33 mmol) is used.  
The yield of 2.13b (2.43 g) is 99%.  1H NMR (DMSO-d6, 250 MHz) δ 7.64 (d, J=7.6 Hz, 
2H), 7.47 (d, J=8.4 Hz, 2H), 7.43 (t, J=7.8 Hz, 2H), 7.32 (t, J=7.1 Hz, 1H), 7.19 (d, J=8.4 
Hz, 2H), 6.93 (d, J=8.6 Hz, 2H), 6.55 (d, J=2.3 Hz, 2H), 6.45 (dd, J=8.6, 2.3 Hz, 2H); 
13C NMR (DMSO-d6, 62.9 MHz) δ 159.7, 157.9, 146.7, 140.0, 137.6, 129.2, 128.9, 
128.1, 127.1, 126.6, 126.5, 125.0, 104.1, 99.5, 78.9, 55.4, 55.1.  MALDI-Tof m/z 439.654 
[M-OH]+, 479.599 [M+Na]+. 
2,2’,4,4’-tetramethoxy-4’’-methoxytrityl alcohol (2.13c) 
This compound is prepared following the procedures described above for 
compound 2.9 except that 4-methoxy methyl benzoate 2.12b (1.55 g, 9.38 mmol) is used.  
The yield of 2.13c (3.2 g) is 83%.  1H NMR (CDCl3, 300 MHz) δ 7.16 (d, J=6.9 Hz, 2H), 
6.83 (d, J=8.6 Hz, 2H), 6.79 (d, J=6.9 Hz, 2H), 6.49 (d, J=2.4 Hz, 2H), 6.37 (dd, J=8.6, 
2.4 Hz, 2H), 3.79 (s, 9H), 3.54 (s, 6H); 13C NMR (CDCl3, 75.5 MHz) δ 160.3, 158.7, 
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158.3, 139.7, 130.4, 129.1, 127.6, 112.7, 103.8, 100.2, 80.6, 55.9, 55.5, 55.4.  MALDI-
Tof m/z 409.490 [M]+. 
2,2’,4,4’-tetramethoxy-3’’-nitrotrityl alcohol (2.13d)  
This compound is prepared following the procedure described above for 
compound 2.9 except that 3-nitro methyl benzoate 2.12d (1.70 g, 9.38 mmol) is used.  
The yield of 2.13d (3.86 g) is 95%.  1H NMR (DMSO-d6, 300 MHz) δ 8.00-7.98 (m, 2H), 
7.55-7.42 (m, 2H), 7.08 (d, J=8.5 Hz, 2H), 6.54 (d, J=1.9 Hz, 2H), 6.50 (dd, J=8.5, 1.9 
Hz, 2H), 5.59 (s, 1H), 3.75 (s, 6H), 3.39 (s, 6H); 13C NMR (DMSO-d6, 75.5 MHz) δ 
160.2, 157.6, 150.3, 146.7, 134.2, 129.1, 127.8, 125.0, 122.0, 120.7, 104.4, 99.4, 78.1, 
55.1.  MALDI-Tof m/z 424.481 [M]+, 448.565 [M+Na]+, 464.538 [M+K]+. 
2,2’,4,4’-tetramethoxy-4’’-nitrotrityl alcohol (2.13e)  
This compound is prepared following the procedure described above for 
compound 2.9 except that 4-nitro methyl benzoate 2.12e (1.70 g, 9.38 mmol) is used.  
The yield of 2.13e (3.51 g) is 91%.  1H NMR (DMSO-d6, 300 MHz) δ 8.04 (d, J=8.9 Hz, 
2H), 7.35 (d, J=8.9 Hz, 2H), 7.06 (d, J=8.4 Hz, 2H), 6.54 (d, J=2.4 Hz, 2H), 6.49 (dd, 
J=8.4, 2.4 Hz, 2H), 5.53 (s, 1H), 3.75 (s, 6H), 3.40 (s, 6H); 13C NMR (DMSO-d6, 75.5 
MHz) δ 160.2, 157.6, 155.9, 145.4, 129.0, 128.6, 124.9, 121.7, 104.4, 99.4, 78.2, 55.1.  
MALDI-Tof m/z 424.701 [M]+, 408.624 [M-OH]+. 
9-(4-bromophenyl)-6-hydroxy-3-fluorone (2.14a)  
This compound was prepared following the procedure above for compound 2.11 
except that compound 2.13a (0.400 g, 0.871 mmol) is used.  The yield of 2.14a (223 mg) 
is 70%.  1H NMR (DMSO-d6, 250 MHz) δ7.88 (d, J=7.5 Hz, 2H), 7.47 (d, J=7.5 Hz, 2H), 
7.29 (d, J=9.4 Hz, 2H), 6.90 (d, J=2.1 Hz, 2H), 6.88 (dd J=9.4, 2.1 Hz, 2H); 13C NMR 
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(DMSO-d6, 62.9 MHz) δ172.1, 158.0, 132.5, 131.9, 131.7, 124.2, 120.9, 115.6, 102.8.  
MALDI-Tof m/z 367.228 [M+H]+. 
9-(4-biphenyl)-6-hydroxy-3-fluorone (2.14b)  
This compound is prepared following the procedure above for compound 2.11 
except that compound 2.22 (0.500 g, 1.09 mmol) is used.  The yield of 2.14b (330 mg) is 
87%.  1H NMR (DMSO-d6, 250 MHz) δ 7.91 (d, J=7.8 Hz, 2H), 7.79 (d, J=7.9 Hz, 2H), 
7.55-7.49 (m, 5H), 7.09 (d, J=9.0 Hz, 2H), 6.59 (dd, J=9.0, 2.2 Hz, 2H), 6.54 (d, J=2.2 
Hz, 2H); 13C NMR (DMSO-d6, 62.9 MHz) δ 157.2, 150.4, 141.9, 140.1, 132.6, 131.4, 
131.0, 130.0, 128.9, 127.8, 127.7, 122.6, 115.0, 104.3.  MALDI-Tof m/z 365.312 
[M+H]+, 387.322 [M+Na]+. 
9-(4-hydroxyphenyl)-6-hydroxy-3-fluorone (2.14c) 
This compound is prepared following the procedure above for compound 2.11 
except that compound 2.13c (1.26 g, 3.07 mmol) is used.  The yield of 2.14c (900 mg) is 
96%.  1H NMR (CDCl3, 250 MHz) δ 10.07 (s, 1H), 7.25 (d, J=8.2 Hz, 2H), 7.14 (d, J=9.2 
Hz, 2H), 6.98 (d, J=8.2 Hz, 2H), 6.59 (d, J= 9.4 Hz, 2H), 6.52 (s, 2H); 13C NMR (CDCl3, 
62.9 MHz) δ 158.6, 156.4, 150.4, 131.1, 130.8, 122.6, 115.5, 114.6, 105.5, 103.3.  
MALDI-Tof m/z 305.127 [M+H]+, 327.100 [M+Na]+, 341.221 [M+K]+. 
9-(3-nitro-phenyl)-6-hydroxy-3-fluorone (2.14d)  
This compound is prepared following the procedure above for compound 2.11 
except that compound 2.14d (0.480 g, 1.13 mmol) is used.  The yield of 2.14d (274mg) is 
73%.  1H NMR (DMSO-d6, 300 MHz) δ 8.42 (d, J=7.0 Hz, 1H), 8.26 (s, 1H), 7.89 (m, 
2H), 6.96 (d, J=9.1 Hz, 2H), 6.55 (dd, J=9.1, 2.9 Hz, 2H), 6.53 (d, J=2.9 Hz, 2H); 13C 
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NMR (DMSO-d6, 62.9 MHz) δ 156.3, 138.0, 147.0, 136.0, 134.3, 130.5, 130.3, 124.3, 
114.3, 103.5.  MALDI-Tof m/z 334.186 [M+H]+, 356.167 [M+Na]+.  
9-(4-nitro-phenyl)-6-hydroxy-3-fluorone (2.14e)  
This compound was prepared following the procedure above for compound 2.11 
except that compound 2.15 (30 mg) is used.  The eluent for flash chromatography is 
EtOAc:MeOH 8:2.  The yield of 2.14e (21 mg) is 76%.  1H NMR (DMSO-d6, 250 MHz) 
δ 8.44 (d, J=8.6 Hz, 2H), 7.46 (d, J=8.6 Hz, 2H), 6.90 (dd, J=8.9, 1.1 Hz, 2H), 6.54 (d, 
J=8.9 Hz, 2H), 6.52 (d, J=1.1 Hz, 2H); 13C NMR (DMSO-d6, 62.9 MHz) δ 174.8, 156.3, 
148.0, 147.3, 139.7, 131.0, 130.1, 123.4, 122.1, 113.5, 103.6.  MALDI-Tof m/z 334.273 
[M+H]+, 356.301 [M+Na]+.  
9-(4-nitrophenyl)-6-methoxy-3-fluorone (2.15)  
This compound is prepared following the procedure above for compound 2.11 
except that compound 2.13e (0.500 g, 1.18 mmol) is used.  The yield of 2.15 (346 mg) is 
85%.  1H NMR (DMSO-d6, 300 MHz) δ 8.46(d, J=8.6 Hz, 2H), 7.25 (d, J=2.3 Hz, 1H), 
7.07 (d, J=9.4 Hz, 1H), 6.98(d, J=9.8 Hz, 1H), 6.93 (dd, J=9.4, 2.3 Hz, 1H), 6.44 (dd, 
J=9.8, 1.8 Hz, 1H), 6.26 (d, J=1.8 Hz, 1H); 13C NMR (DMSO-d6, 75.5 MHz) δ 183.8, 
164.3, 158.2, 154.0, 148.2, 139.3, 131.1, 130.5, 129.8, 129.5, 127.1, 124.0, 123.2, 117.2, 
113.68, 113.4, 105.0, 100.8, 56.4.  MALDI-Tof m/z 348.419 [M+H]+. 
Bis-(2,4-dimethoxyphenyl)-4-(2, 4-dimethoxyphenyl)-phenyl methane (2.19) 
This compound is prepared following the procedure described above for 
compound 2.9 except that 2.18 (1.64 g, 6.26 mmol) is used.  The yield of 2.19 (1.00 g) is 
32%.  1H NMR (CDCl3, 300 MHz) δ 7.37 (d, J=8.1 Hz, 2H), 7.24 (d, J=  4.1 Hz, 1H), 
7.05 (d, J=8.1 Hz, 2H), 6.77 (d, J= 8.3 Hz, 2H), 6.55 (d, J=4.1 Hz, 1H), 6.53 (s, 1H), 6.46 
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(d, J= 2.3 Hz, 2H), 6.38 (dd, J=8.3, 2.3 Hz, 2H), 6.05 (s, 1H), 3.83 (s, 3H), 3.78 (s, 9H), 
3.71 (s, 6H); 13C NMR (CDCl3, 75.5 MHz) δ 160.2, 159.3, 158.3, 157.6, 142.7, 135.6, 
131.4, 130.7, 129.0, 129.0, 127.8, 104.7, 103.7, 99.1, 98.9, 55.9, 55.7, 55.6, 55.4, 41.8.  
MALDI-Tof m/z, 500.935[M]+, 523.990 [M+Na]+. 
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AN ORGANIC WHITE LIGHT-EMITTING FLUOROPHORE* 
3.1 Introduction 
The synthesis of new benzo[a]- and [b]xanthene dye frameworks is described.  A 
unique benzo[c]xanthene, seminaphtho[c]fluorone (SNAFR-2), is studied in a variety of 
media.  The optimization of solution parameters and excitation wavelengths allows 
SNAFR-2 to display red, green and blue emission bands of approximately equal 
intensities and also to produce white light. Ratiometric red (anion) and green (neutral) 
emissions are observed upon varying solution pH.  A pH-independent violet-blue 
emission band is due to the addition of nucleophiles to the benzylic carbon of SNAFR-2.  
Terenin et al. reported the first example of dual fluorescence resulting from an 
intermolecular excited state proton transfer (ESPT) in 1947.1a  In 1950, Forster’s first 
paper on ESPT was published.1b  Since then, several compounds, such as 4-(N,N-
dimethylamino)-benzonitrile (DMABN) and its analogs,2 biaryls,3 benzo[c]xanthenes,4 3-
hydroxyflavones,5 hydroxycamptothecin,6 6-hydroxyquinoline-N-oxides,7 aromatic 
dicarboximides,8 carotenoids,9 1,3-diphenyl-1H-pyrazolo[3,4-b]quinoline,10 etc., have 
been reported to display dual signaling excitation and emission properties based on 
intermolecular or intramolecular ESPT,11 twisted intramolecular charge transfer (TICT),12 
tautomerization4 and other mechanisms.13   
*Reprinted with permission from Journal of the American Chemical Society, 2006, Volume 
128, pages 14081-14092; and Journal of the American Chemical Society, 2007, Volume 
129, pages 1008-1008; Youjun Yang, Mark Lowry*, Corin M. Schowalter, Sayo O. 
Fakayode, Jorge O. Escobedo, Xiangyang Xu, Huating Zhang, Timothy J. Jensen, Frank R. 
Fronczek, Isiah M. Warner* and Robert M. Strongin; An Organic White Light-Emitting 
Fluorophore. Copyright 2006, 2007 American Chemical Society.  
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Dual ratiometric fluorescence signaling reduces errors due to photobleaching, 
uneven loading of probes and/or fluctuations in excitation intensity.14  Ratiometric probes 
have been shown to be useful for intracellular pH,15 viscosity13a, 16 and Ca2+ 
measurement17.  Additionally, they are important in applications such as flow cytometry, 
confocal microscopy, emission ratio imaging, as well as many others.4a, 18 
Benzo[c]xanthenes (Figure 3.1) are of interest as dual fluorescence ratiometric indicators 
because of (i) their well resolved emission bands (ii) relatively long wavelength 
absorptions and emissions (iii) near neutral pKa’s and (iv) clear isosbestic and iso-
emissive points.4a, 19 
The regioisomers of benzo[c]xanthene, namely benzo[a]xanthene and 
benzo[b]xanthene, were essentially overlooked until Wolfbeis et al. investigated their 
properties using semiempirical molecular orbital calculations.  They were predicted to 
absorb and emit at longer wavelengths compared to their type [c] analogs.  Apparently 



















benzo[b]xanthene benzo[a]xanthene  
Figure 3.1 The xanthene dye framework and the three types of benzoxanthenes.  
Benzoxanthene types are each distinguished via the orientation of their naphthyl moieties. 
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We have recently reported a novel synthesis of xanthene dyes.20 It involves the 
initial formation of methylated carbinol intermediates, followed by demethylation and 
concomitant condensation (Scheme 3.1).  Current studies embody an extension of this 
prior work to access novel benzannulated derivatives.  









 Herein, I report the synthesis of type [a] and [b] benzoxanthenes to compare to 
their type [c] analog.  I find that a new seminaphtho[a]fluorone (SNAFR-1) can display 
three emission maxima, in the blue, orange and near infrared spectral regions, 
respectively.  Importantly, I also find that a new seminaphtho[c]fluorone (SNAFR-2) can 
display three emission maxima of approximately equal intensities, in the blue, green and 
red spectral regions, respectively.  When excited at ca. 300 nm, it emits near white light, 
which resembles the white light from an incandescent light bulb.  White light is to date 
highly sought-after due to potential applications in (i) light emitting diodes (LEDs),21 
replacements for current illumination devices such as incandescent bulbs and fluorescent 
lamps, (ii) flat panel displays (FPDs),22 as the next generation display devices after liquid 
crystal displays (LCDs), and (iii) electronic paper displays (E-PADs),23 as an electronic 
analog of paper, etc.  Traditional methods of molecular white light generation typically 
involve mixing different primary colors from different emitting materials, such as red, 
green and blue fluorophores.24  Alternative and single component recent examples 
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include (i) white light photoluminescence from nanocrystals,25 (ii) electroluminescence 
from a fullerene adduct,26 (iii) electroluminescence from a π-conjugated aromatic 
enyne,27 (iv) electroluminescence from platinum-functionalized random copolymer28 and 
(v) photoluminescence from microporous metal phosphates and silicates. 29 
Fluorophores with tunable emissive properties are of current interest for 
multiplexing applications.  In addition to serving as a simple white light-emitting 
fluorophore, SNAFR-2 can be excited anywhere within the UV to the deep red spectral 
regions.  It exhibits a unique emission spectrum corresponding to each excitation 
wavelength.  SNAFR-2 is pH sensitive, soluble in cell culture media, stains cells and 
exhibits no cytotoxicity in studies carried out to date. 
3.2 Results and Discussion 
Benzo[a], [b] and [c]xanthene dyes synthesis.  Xanthene dyes are typically 
synthesized via the acid catalyzed condensation between resorcinol and various analytes 
eg. phthalic anhydride, acid chloride, ester or aldehyde.30  Upon replacing resorcinol with 
1,6-dihyxdroxynaphthalene, under classical acid-catalyzed thermal conditions, known 
benzo[c]xanthene is formed. 
It has been shown by others that when 1,6-dimethoxynaphthalene (3.1) is treated 
with n-BuLi and quenched with MeI, 3.2 and 3.3 are obtained in yields of 84% and 12% 
respectively.31  When a solution of lithiated 3.1 is treated with methyl benzoate, I obtain 
3.4 and 3.5 in isolated yields of 71% and 12% respectively.  When phthalic anhydride is 
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used instead of methylbenzoate, 3.6 is obtained in 55% yield.  Upon treating lithiated 1,6-
dimethoxynaphthalene with 2, 4-dimethoxybenzophenone, 3.7 and 3.8 are isolated in 
11% and 71% yields, respectively (Scheme 3.2).  Additionally, trace amounts of 3.9 are 
obtained.  This is presumably due to trace amounts of 2-hydroxy-4-
methoxybenzophenone in the reaction mixture from incomplete methylation of 2, 4-
dihydroxybenzophenone.  Single crystal X-ray structure analysis confirms the assigned 











Figure 3.2 Ortep drawings of compounds 3.4-3.9. 
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When BBr3 is used to demethylate 3.4, compound 3.10 is obtained in 61% yield.  
When 3.7 is demethylated, 3.12 is obtained quantitatively.  Treatment of 3.12 using 20 
more equiv BBr3 affords 3.13 in 56% yield.  When 3.8 is demethylated, 3.14 is obtained 
in a yield of 15% (Scheme 3.3).   































SNAFR-2, type [c] isomer of both SNAFR-1 and 3.13, is synthesized by refluxing 1,6-
dihydroxynaphthalene and 2,4-dihydroxybenzophenone in MeSO3H in a 3% yield (Scheme 3.4).  
Structure assignments of 3.10, 3.13 and SNAFR-2 are confirmed by single crystal X-ray 
structural analysis (Figure 3.3). 
















Figure 3.3  ORTEP drawings and numbering schemes of compounds 3.10 (with two 
acetone molecules), 3.13 and SNAFR-2. 
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UV-Vis absorption properties of SNAFR-2 as a function of pH in 99.75 % 
buffer solution.  Absorption spectra of SNAFR-2 as a function of varying pH are shown 
(Figure 3.4A).  SNAFR-2 is dissolved in 50 mM phosphate buffer with 0.25% DMSO.  
As the pH increases, the absorption band centered at 550 nm increases.  This band is 
assigned to anionic form (A, Scheme 3.5).  At the same time, the absorption at ca. 460 nm 
decreases.  The 460 nm band is assigned to the neutral form (N).  Four isosbestic points at 
484 nm, 394 nm, 327 nm and 304 nm are observed.  The 484 nm isosbestic point is near 
the 488 nm Ar ion laser line.  These latter results show that ratiometric experiments using 
SNAFR-2 as a probe may be performed with common, commercially available filter sets 
(vide infra). 









Fluorescence properties of SNAFR-2 as a function of pH in 99.75 % buffer 
solution.  Benzoxanthenes are known to afford dual emission bands whose intensities are 
pH dependent.  SNAFR-2 thus also exhibits dual emission bands that are pH-sensitive.  
Upon increasing the solution pH, the intensity of the red emission band (620 nm), 
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corresponding to the anionic form (A) increases, while that of the green emission band 
(540 nm), assigned to the neutral (N) form decreases (Figure 3.4E-H).  The two emission 
bands are well-separated and show clear iso-emissive points at ca. 600 nm when excited 
at 325 nm, 488 nm and 514 nm (Figure 3.4E-G).  When excited at 543 nm, only the tail 
of the emission from the neutral form plus the emission of the anion is observed, and a 
clear iso-emissive point is present at 560 nm (Figure 3.4H).  Excitation at longer 
wavelengths would further reduce the emission from the neutral form and eventually lead 
to red emission from the anion only with no iso-emissive point.  Most organic 
fluorophores are limited by their narrow excitation which hinders their use in 
multiplexing with other fluorophores.  The absorption and excitation spectra of SNAFR-
2 demonstrate that it can be excited from 260 nm up to 620 nm in buffer including 
various common laser lines, eg. HeCd at 325 nm, Ar ion at 488 nm and 514 nm and 
HeNe at 543 nm (Figure 3.4A-D).  This is further evidence that SNAFR-2 would be 
compatible with commercially available filters sets used in various spectroscopic 
instruments and fluorescence microscopes (vide infra).  The pKa values for SNAFR-2 
based on absorption and emission data are summarized in Table 3.1a.  The pKa values 
calculated based on emission spectra using different excitation wavelengths vary from 
8.31-8.36 with an average pKa-em of 8.34 ± 0.02.  The pKa values calculated from 
absorption spectra based on different isosbestic points vary from 8.47-8.68, with an 
average pKa-abs of 8.53±0.06.  The mismatch of the pKa-abs values and pKa-em values 
suggests the presence of Excited State Proton Transfer (ESPT).  Upon excitation, the 
acidity of SNAFR-2 increases, as measured in phosphate buffer containing 0.25% 
DMSO.  The pKa* values for SNAFR-2 estimated using Forster equation are summarized 
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in Table 3.1b.  When different methods were applied to calculate the optical frequency of 
the light needed to excite the molecule from its ground state to its lowest excited state, 
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Figure 3.4 Spectral properties of 30 μM SNAFR-2 in 50 mM phosphate buffer with 
0.25% DMSO at various pH values. The trend of spectral changes is indicated by arrows 
as the pH increases from 7 to 10. A = anionic form. N = neutral form. (A) Absorption 
spectra. The * indicates the position of isosbestic points. (B-D) Excitation spectra with 
emission monitored at 400 nm, 540 nm and 620 nm respectively. (E-H) Emission spectra 
excited at 325 nm, 488 nm, 514 nm, and 543 nm respectively, corresponding to common 
laser lines. Legends for Figures A-H are shown in Figure H. All fluorescence spectra are 
normalized to the maximum of each data set.  
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excitation method is used, neutralanion vv ~~ −  of 1813 cm-1 is obtained, which is in close 
agreement with 1700 cm-1 calculated for C.SNAFL-1.4a  The pKa* is calculated to be 4.54 
or 4.73 at room temperature, when pKa-em and pKa-abs are used, respectively. These results 
demonstrate that the acidity of SNAFR-2 increases in the excited state. 
Table 3.1a The pKa of SNAFR-2 in 50 mM phosphate buffer was determined using the 
equation shown in the table.4a  The pKa is taken to be the intercept of the plot of pH 
versus the first log term in the equation, where c is the slope; R is the ratio from the 
spectra data at λ1 and λ2; Rmax and Rmin are the limiting values of this ratio; and Ia/Ib is the 
ratio of the spectral intensity in acid to that in base at the wavelength chosen for the 
denominator of R.  This last term may be neglected by choosing an isosbestic or iso-
emissive point as the denominator of R. 
Method λex λisosbestic λ1/λ2 Rmax Rmin pKa 
Em 325 - 627/597 1.33 0.54 8.38 
Em 325 - 575/597 1.42 0.35 8.32 
Em 325 - 541/597 2.31 0.06 8.32 
Em 488 - 630/600 1.16 0.51 8.35 
Em 488 - 575/600 1.47 0.32 8.36 
Em 488 - 542/600 2.47 0.05 8.33 
Em 514 - 623/595 1.44 0.57 8.34 
Em 514 - 575/595 1.33 0.36 8.32 
Em 514 - 539/595 2.16 0.02 8.31 
Abs - 484 543/484 3.76 0.88 8.52 
Abs - 484 511/484 2.04 1.23 8.54 
Abs - 484 469/484 0.48 0.37 8.47 
Abs - 394 380/394 1.41 1.14 8.68 
Abs - 394 344/394 2.73 1.90 8.58 
Abs - 327 380/327 0.52 0.40 8.51 
Abs - 327 344/327 0.99 0.67 8.51 
Abs - 327 312/327 1.17 0.99 8.54 
Abs - 304 312/304 0.91 0.75 8.48 
Abs - 304 296/304 1.38 1.13 8.54 
















Table 3.1b The pKa* of SNAFR-2 in 50 mM phosphate buffer containing 0.25% DMSO 
was determined using the equation 11e shown in the table with neutralanion vv ~~ −  determined 
from various methods.  pKa* is the pKa at the first electronically excited state (S1). NA is 
the Avogadro’s number. The h is the Plank’s constant. The c is the light speed in the unit 
of cm/s. The anionv~  and neutralv~  (cm
-1) are the optical frequencies of the 0-0 transition in the 
neutral and anionic form respectively. The R is the ideal gas constant. The T (K) is the 
temperature where absorption and fluorescence spectra were collected. The λ (nm)  is the 
wavelength. The absapK −
*  is the pKa of S1 state calculated using pKa-em =8.34.  The 
emapK −
*  is the pKa of S1 state calculated using pKa-abs =8.53. 
Neutral form Anionic form 
Methods neutralv~  neutralλ  Methods anionv~  anionlλ  
neutralanion vv ~~ −  emapK −*  absapK −*
Absorption 19495 512.94 Absorption 18451 541.99 1045 6.15 6.34 
Excitation 19608 510.00 Excitation 18519 540.00 1089 6.05 6.25 
Emission 18484 541.00 Emission 16103 621.00 2381 3.34 3.54 
0-0 absorptiona 18789 532.23 0-0 absorption 17248 579.77 1541 5.11 5.30 








a. 0-0 absorption/excitation is the intersection of the emission with absorption/excitation spectra of 
neutral or anionic form, respectively. 
 
Figure 3.5 Excitation-Emission Matrices (EEM) of 30 μM SNAFR-2 in DMSO (left) 
and MeOH (right).  
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SNAFR-2 is a single component red-green-blue (RGB) fluorophore.  
Importantly, a third emission band is present at 390 nm when SNAFR-2 is excited in the 
UV region (Figures 3.4B and 3.4E). Thus, SNAFR-2 emits in the violet-blue (λem = 390 
nm), green (λem = 540 nm) and red (λem = 620 nm) spectral regions.  The violet-blue 
emission is of relatively low intensity compared to the emission from the neutral and 
anionic forms.  However, the intensity of the blue emission is increased in organic 
solvents (vide infra). 
Spectral properties of SNAFR-2 in organic solvents.  SNAFR-2 is fluorescent 
in organic solvents such as MeOH and DMSO.  It exhibits dual emission with two 
emission bands located at 390 nm and 560 nm in DMSO and blue shifted to 380 nm and 
550 nm in MeOH.  Excitation-Emission Matrices (EEMs) of SNAFR-2 in MeOH and 
DMSO are shown in Figure 3.5.  Spectral properties of SNAFR-2 in DMSO and MeOH 
are summarized in Table 3.2.  Violet-blue emission is observed to increase in these 
organic solvents compared to buffer.  The green emission is attributed to the neutral form. 
As expected, the emission corresponding to the anionic form is diminished in both 
solvents.   
When phosphate buffer 32 (0.25 % final volume) is added to the DMSO solution 
of SNAFR-2, deep red emission attributed to the anionic form appears with a 
corresponding decrease in green emission attributed to the neutral form.  Most 
interestingly, three emissions of nearly equal intensity in the violet-blue, green and red 
spectral region appear when excited in the UV region, when ca. neutral buffer solutions 
are added.  As a result, the emission is nearly white (Figure 3.6).  SNAFR-2 can be 
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excited over a 400 nm spectral window anywhere from ca. 260 nm to 660 nm with 
corresponding emissions ranging from violet, white, yellow, green to deep red. 
Table 3.2 A summary of spectral properties of SNAFR-2 in DMSO and MeOH 
 DMSO MeOH 
λabsa (nm) 493, 528 489, 523 
εb (M-1cm-1) 7500, 6000 11800, 13200 
λemc (nm) 390, 560 385, 550 
λemd (nm) 560 550 
Φe 0.33 0.41 
a λabs are peak locations in the absorbance spectra. b ε is the molar extinction coefficient 
corresponding to each λabs. c λem are the peak locations in the emission spectra when 
excited at 325 nm. d λem are peak locations in the emission spectra when excited at 488 
nm and 514 nm. e Quantum yields of compound SNAFR-2 relative to rhodamine 6G in 
EtOH (Φ = 1). The excitation wavelength was 514 nm for both SNAFR-2 and rhodamine 
6G. 













Figure 3.6 (A) Excitation Emission Matrix for 30 μM SNAFR-2 in DMSO with 0.25% 
phosphate buffer (50 mM, pH 7). (B) When excited at 310 nm, SNAFR-2 shows violet-
blue, green and red emission of approximately equal intensities.  
Spectral properties in DMSO as a function of the pH of added buffer.  The 




DMSO are shown in Figure 3.7. When the pH of the added buffer is low, the absorption 
from both the neutral and anionic forms are distinct.  Above pH = 6, absorption from the 
anion dominates.  Four clear isosbestic points are observed at 311 nm, 345 nm, 427 nm 
and 538 nm (Figure 3.7A).  Emission spectra excited at or below the 538 nm isosbestic 
point show that the green emission at 560 nm from the neutral form decreases as the pH 
of the phosphate buffer increases.  The opposite trend is observed for the emission at 670 
nm, assigned to the anionic form of SNAFR-2 (Figure 3.7E-I).  Figure 3.7I shows that 
excitation at 633 nm, much longer than the 538 nm isosbetic point, excites only the anion 
yielding the only emission at 670 nm with no iso-emissive point.  A clear iso-emissive 
point is likely not apparent in Figure 3.7F because excitation at 488 nm results in only 
minimal emission from the anion.  Under these conditions, emission from the neutral 
form dominates at all pH values investigated.  The best ratiometric behavior would occur 
when excitation is at 538 nm (an isosbestic point), similar to the 543 nm output of a green 
HeNe laser (Figure 3.7H). 
Compared to the red and green emissions, the violet-blue emission does not show 
a strong dependence  on the added buffer pH (Figure 3.7E).  Fluorescence excitation 
spectra, monitored at 400 nm, also verify that the violet-blue emission is independent of 
pH (Figure 3.7B). 
Lower pH results in greater excitation intensity at 490 nm when monitored at the 
560 nm peak of green emission band (Figure 3.7C).  This is explained by the increased 
formation of the neutral form at low pH.  At the same time, the opposite trend is observed 
at 610 nm for the excitation spectra of the anion form monitored at the peak of the deep 
red band (Figure 3.7D). The similar pH-responsive behavior of SNAFR-2 in 0.25% 
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DMSO in buffer solutions (Figure 3.4) and 0.25% buffer in DMSO solutions (Figure 3.7) 
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Figure 3.7 Spectral properties of 30 μM SNAFR-2 in DMSO with 0.25% phosphate 
buffer (50 mM) at various pH values. The trend of spectral changes is indicated by 
arrows as pH increases from 4 to 8. A = Anionic form. N = Neutral form. (A) Absorption 
spectra. The * in Figure A indicates the positions of isobestic points in absorbance 
spectra. (B-D) Excitation spectra with emission monitored at 400 nm, 560 nm and 670 
nm respectively. (E-I) Emission spectra excited at 325 nm, 488 nm, 514 nm, 543 nm and 
633 nm respectively corresponding to common laser lines.  All fluorescence spectra are 
normalized to the maximum of each data set.  
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Chromaticity33 of SNAFR-2 emission is sensitive to excitation wavelength 
and pH.  By changing either the excitation wavelength or the pH of the added buffer in 
DMSO, a variety of emission colors can be obtained.  Excitation from 270 nm to 340 nm 
leads to three emission bands of varying intensities.  Thus, the emission can appear either 
violet or near white.  When excited from 340 nm to 410 nm, the color changes from near 
white to yellow due to the disappearance of violet-blue emission and the increase of 
green emission.  When excited from 420 nm to 540 nm, SNAFR-2 exhibits intensified 
green emission and comparatively weak red emission.  As the excitation moves to longer 
wavelengths than 550 nm, i.e., up to 650 nm, it exhibits red emission (Figure 3.8).  As 
one can see from Figure 3.7, green and red emission is dependant on pH though blue 
emission is not.  As a result, emission colors change significantly when the pH of the 
added buffer solution changes.  The chromaticity of the emission as a function of both pH 
and excitation from 270 nm to 340 nm is summarized in Table 3.3.  A complete table is 
located in supporting information.  The chromaticity diagram obtained in DMSO using 
added buffer solution adjusted to pH 7 is shown below as an example.  The data 
corresponding to other buffer pH values are also included in the supporting information.  
Origin of the violet-blue emission.  The origin of the green and red emission is 
discussed above.  To investigate the origin of the violet-blue emission, I employ known 
benzo[c]fluorescein (3.14) and 3.15 as model naphthyl-containing fluorophores.  The 
blue emission of compound 3.14 are similar to that of compound 3.15 (Figure 3.9).  
Importantly, the excitation spectrum of 3.14 with emission monitored at 470 nm (blue 




































Figure 3.8 (A) Chromaticity coordinates for emission spectra collected with excitation 
wavelength between 270 nm and 650 nm plotted in a 1931 CIE (Commission 
Internationale de L’Eclairage) chromaticity diagram for a solution of SNAFR-2 in 30 μM 
DMSO with 0.25% phosphate buffer (50 mM, pH 7). (B) Photographs of 30 μM 
SNAFR-2 in DMSO with 0.25% phosphate buffer (50 mM, pH 7) when excited at 300 
nm, 320 nm, 460 nm and 560 nm respectively (from left to right) to afford emissions of 
near white, yellow, green and red color. (C) The emission spectra corresponding to the 






Table 3.3 Chromaticity of 30 μM SNAFR-2 in DMSO with 0.25% buffer as a function 
of pH of added phosphate buffer solutions.  
 pH 4 pH 5 pH 6 pH 7 pH 8 
λex x y x y x y x y x y 
270 nm 0.37 0.34 0.36 0.32 0.33 0.27 0.36 0.30 0.30 0.18 
280 nm 0.40 0.39 0.39 0.38 0.37 0.33 0.36 0.30 0.33 0.23 
290 nm 0.40 0.39 0.39 0.38 0.37 0.33 0.39 0.34 0.33 0.22 
300 nm 0.42 0.42 0.41 0.41 0.40 0.36 0.41 0.40 0.36 0.25 
310 nm 0.44 0.46 0.44 0.45 0.42 0.42 0.43 0.44 0.38 0.31 
320 nm 0.45 0.48 0.45 0.47 0.43 0.45 0.43 0.46 0.39 0.36 
330 nm 0.46 0.49 0.45 0.48 0.44 0.47 0.40 0.38 0.39 0.38 
340 nm 0.43 0.44 0.42 0.43 0.40 0.40 0.44 0.43 0.35 0.28 
 
similar trend is observed in MeOH (Figure 3.9C). This implies that 3.14 and 3.15 have a 
similar mechanism of blue emission in both solvents. 
I thus hypothesize that the blue emission of SNAFR-2 as well as known 3.14 
arises from the isolated naphthyl moiety.  In 3.14, the lactone form would isolate the 
naphthyl fluorophore.  In organic solvents, it is well-known that the lactone form of 
xanthenes predominates.  Thus, as expected, I observe a more intense blue emission than 
green emission in MeOH (Figure 3.9C).  In 0.1 M NaOH solution, the equilibrium favors 
the formation of carboxylate anion instead of the lactone, leading to a more intense red 
emission (Figure 3.9B).  However, the presence of some lactone (or covalently attached 
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Figure 3.9 (A) Structures of compound 3.14 and 3.15. (B) Emission spectra of 3.14 and 
3.15 excited at 325 nm, excitation spectrum of 3.14 with emission monitored at 470 nm. 
Absorption spectrum of 3.15. All compounds in 0.1 M NaOH. (C) Emission spectra of 
3.14 and 3.15 excited at 325 nm, excitation spectrum of 3.14 with emission monitored at 
370 nm.  Absorption spectrum of 3.15. The concentrations of 3.14 in both solution aree 
10 μM. All the other solutions are 30 μM. All spectra are normalized to allow 
comparison. 
Though SNAFR-2 possesses no lactone to isolate the naphthalene fluorophore, its 
blue emission in various solvents resemble those of 3.14 and 3.15 (Figures 3.10C and D).  
This suggests an alternative mechanism to isolate the naphthalene unit, accounting for the 
violet-blue emission of SNAFR-2.  My experimental evidence shows that intermolecular 
nucleophilic addition readily occurs in the naphtho[a]- and [b]xanthene series.  First, 
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compound 3.10, the isolated adduct possessing a methyl ether at the bridging benzylic 
carbon, exhibits primarily violet-blue emission (Figure 3.10A).  Second, compound 3.12, 
the methyl ether analog of one tautomer of SNAFR-2, also undergoes nucleophilic 
addition to its central carbon, furnishing 3.16 (Scheme 3.6).   
Scheme 3.6 Equilibrium between compounds 3.12 and 3.16.  Methyl groups and 












































Figure 3.10 (A) Fluorescence emission of 30 μM 3.10 in DMSO and MeOH (B) 
Fluorescence emission of 25 μM 3.12 in DMSO and MeOH. (C) Overlay of the violet-
blue emission of SNAFR-2 with other compounds possessing the isolated naphthalene 
moiety in DMSO.  (D) Overlay of the violet-blue emission of SNAFR-2 with other 
compounds possessing the isolated naphthalene moiety in DMSO.  All fluorescence 
spectra are collected with excitation wavelength at 325 nm. Solutions of SNAFR-2 and 





Figure 3.11. 1H NMR study of the equilibrium between 3.12 and 3.16 in DMSO-d6. 
Concentration of compound 3.12 decreases as MeOH increases.  
A study of the equilibrium between 3.12 and 3.16 using 1H NMR is shown in 
Figure 3.11.  The resonances of the three methyl ether moieties of 3.12 and 3.16 are well-
resolved.  As the MeOH concentration increases, the relative proportion of compound 
3.12 is observed to decrease.  A MeOH solution of 3.12 displays an intense blue emission 
as well as a green emission (Figure 3.10B).  The red emission of 3.12 is diminished 
compared to tautomerizable SNAFR-2.  An overlay of the violet-blue emissions arising 
from 3.10, 3.12, 3.15 and SNAFR-2 in various solvents is shown in Figure 3.10.  The 
similar spectral features, along with NMR and single crystal X-ray structure evidence 
(e.g., see the structure of 3.10 which possesses a predominant isolated naphthyl), help 
confirm the hypothesis that the isolated naphthyl is responsible for the violet-blue 
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emission of this series of compounds.  The presence of trace amounts H2O apparently 
serves as the nucleophile in DMSO which leads to the isolated naphthyl unit. Alternative 
mechanisms (such as local excitation34) that might also lead to blue emission are 
currently under investigation. 
Dual emission white light arising from compound 3.12.  Figure 3.10B 
demonstrates that 3.12 in MeOH exhibits dual emission in the violet-blue and green 
spectral regions.  In MeOH only a minimal amount of 3.12 remains in solution with the 
majority in the form of 3.16 (Scheme 3.6), leading to a dominant violet-blue emission 
(from ca. 330 nm to 450 nm) with a green emission (from ca 520 nm to 620 nm) when 
excited below 340 nm. However, as has been shown for SNAFR-2, the relative 
intensities of these emission bands are dependent on excitation wavelength (Figure 
3.12A).  Excitation beyond 340 nm dramatically decreases the relative intensity of the 
blue emission band as excitation of the naphthyl unit becomes less efficient.  When 
excited at 350 nm, the ratio of two emission bands is nearly equal. The mixing of these 
emission bands again results in near white emission. The chromaticity diagram of 50 μM 
3.12 in MeOH is shown in Figure 3.12B. A photograph of the white emission is shown in 
Figure 12C.  Although two band white light has a poorer Color Rendering Index (CRI) 
due to the unbalanced red color,35 this result is of interest since currently two band white 






































Figure 3.12 (A) The emission of 50 μM 3.12 in MeOH.  When excited at 350 nm, 3.12 
shows two emission bands of approximately equal intensity.  (B) Chromaticity 
coordinates for emission spectra collected with excitation wavelength between 275 nm 
and 375 nm plotted in a 1931 CIE chromaticity diagram for a solution of 50 μM 3.12 in 






Live Cell Imaging. Organic fluorophores have found extensive applications in 
cell imaging. However, their drawbacks, such as narrow excitation, single, wide emission 
with a long tail, poor photostability, etc. limited their applications in some sophisticated 
applications like multiplexing and real-time measurements. Few water soluble, long 
wavelength (λem > 600 nm), and photostable probes were reported. Though, SNAFR-2 
also shows a wide emission in neutral buffer solution, its unique properties of multiple 
emissions, wide excitation window, low cytotoxicity and excellent photostability (vide 
infra) make it an ideal candidate for cellular imaging.  
 
Figure 3.13 (a) Phase contrast of cells stained with SNAFR-2. (b) Fluorescence through 
Texas Red filter set: Excitation 540-580 nm, emission 610 nm Long Pass. (c) 
Fluorescence through DAPI filter set: excitation 330-370 nm, emission 420 nm Long 
Pass. (d) Fluorescence through FITC filter set: excitation 460-500 nm, emission 510-560 
nm. (e) Endoplasmic Reticulum stained with ERTracer Blue White (Molecular Probes). 
(f) Mitochondria stained with MitoTracker Green (Molecular Probes). Scale bar is 10 μm. 
60 
 
Cellular imaging studies reveal that SNAFR-2 readily enters HEp2 cells (Figure 
3.13). SNAFR-2 localization is directed towards the lipophilic compartments, as there is 
a strong signal from the endoplasmic reticulum (ER) as well as some signal from 
mitochondria. The nuclei of the cells also show some SNAFR-2 fluorescence. This could 
be due to accumulating in the nuclear membrane or to intercalating into DNA. No 
obvious staining of the plasma membrane is observed. This is not surprising as the 
plasma membrane has a large surface area and as such, a low surface brightness signal 
may not be detected.  Three different filters sets, DAPI, FITC, and Texas Red, are applied 
corresponding to the blue, green and red emission of SNAFR-1. Some autofluorescence 
from cell is observed when DAPI is used, however autofluorescence was minimal when 
longer wavelength filter sets such as FITC and Texas Red are used. 
Overnight incubation of cells with SNAFR-2 shows an overall increase in signal 
intensity compared to 30 min incubation, and large vesicular formation within cells that 
do not co-localize with compound signal.  At the concentrations tested, SNAFR-2 
exhibits no toxic effects. 
SNAFR-1 exhibits excellent photostability.  The photostability of SNAFR-2 is 
investigated in MeOH. It is much more photostable compared to fluorescein in 0.1 M 
NaOH.  In MeOH SNAFR-2 can be excited efficiently at 488 nm, corresponding to an Ar 
ion laser line.  This wavelength matches well with absorbance maximum (λabs = 493 nm) 
for fluorescein in aqueous base as well as that of SNAFR-2 (λabs = 489 nm).  The 
photostability studies are conducted with solutions prepared to have an absorbance of 
0.03 at 488 nm so that both SNAFR-2 and fluorescein solutions absorb the same number 
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of photons when excited at 488 nm.  The excitation band pass is opened to 14 nm, the 
maximum allowed by the instrument.  Fluorescence signal is collected using both the s 
and t channels of the instrument.  S channel data are collected through the dual 
monochromator set at the emission maximum of a given fluorophore.  T channel data are 
collected through a 550 nm long pass filter.  High voltage for the photomultiplier tube 
(PMT) is set at 950V and 500V for the s and t channels, respectively.  Data is collected 
with a 0.1 second integration time at 0.1 second intervals for at least 1800 seconds.  
Signal is maintained within an acceptable range using neutral density filters (Omega 
optical, Brattleboro, VT).  The photobleaching decay of each dye is plotted in Figure 3.14. 
SNAFR-2 shows excellent photostability during the time monitored while fluorescein 
loses 20% of its fluorescence in only 30 min.  
 
Figure 3.14 Photobleaching decay of SNAFR-2 in MeOH and fluorescein in 0.1 M 
NaOH monitored at emission maximum of each compound (top) and through a 550 nm 
long pass filter (bottom).  Fluorescence intensity normalized at time 0 s for each 
compound. 
Preliminary photophyical and photochemical properties of SNAFR-1 are examined. 
It is shown that SNAFR-1 in DMSO displays a three band emission analogous to that of 
SNAFR-2 in blue, orange and NIR spectral region. The blue emission is from the H2O adduct 
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located at 360 nm. The orange emission is from the neutral form located at 570 nm and the red 
emission from the anionic form located at 770 nm before spectral correction by PMT response 
(Figure 3.15).   
 
Figure 3.15  EEM of SNAFR-1 in DMSO prepared from a DMSO stock solution. Blue, 
orange and NIR emissions are observed when excited at various wavelengths. 
SNAFR-1 is more susceptible to nucleophilic attack compared to SNAFR-2.  SNAFR-2 
in MeOH displays strong green emission resulted from its neutral form. However, SNAFR-1 in 
MeOH gives a blue emission only after extended sitting. This suggests a complete conversion to 
the MeOH adduct. This is proved by the NMR spectra of SNAFR-1 in MeOH-d4 and MeOH 
adduct of SNAFR-1 in MeOH-d4 (Figure 3.16). This process may also be monitored via HPLC 
(Figure 3.17). This is generally considered as poor chemical stability, which may hinder the use 
of fluorophore greatly in various situations. However, this particular example may be an 
advantage in some cases due to the nucleophile (H2O or MeOH, etc.) added can also to removed 
as a leaving group to generate the original SNAFR-1 molecule.  At the same time, it may also be 
used as efficient sensor for nucleophiles like cyanide or thiol.  The tendency to form the solvent 
adduct can be minimized if necessary by adding bulky substituents on the bottom phenyl ring. 




Figure 3.16  Overlay of the 1H NMR spectra of SNAFR-1 MeOH adduct and MeOH- d4 
adduct in MeOH-d4.  The methyl peak at 2.92 ppm observed in the NMR of MeOH 
adduct is not found in the NMR of MeOH-d4 adduct as expected.   







Figure 3.17  a) HPLC trace of freshly dissolved SNAFR-1 in MeOH showing two peaks 
(retention times = 5.4 and 6.0 min, SNAFR-1 MeOH adduct and SNAFR-1, 
respectively).  b) HPLC trace of SNAFR-1 dissolved in MeOH after sitting in the dark 
for 30 min. Only the peak corresponding to the SNAFR-1 MeOH adduct is observed 
showing that the MeOH present promotes the conversion of SNAFR-1 to its MeOH 
adduct.  HPLC analysis is performed on a CM4000 multiple solvent delivery system 
connected to a SpectroMonitor 3100 UV-Vis detector (LDC/Milton Roy) using a 
LiChrospher 100 RP-18 (5 μm) endcapped column (250 × 4.6 mm).  The flow rate is 1.0 
mL/min and the detector wavelength is set to 490 nm.  Mobile phase (gradient): 70/30 






Scheme 3.6 An alternative synthetic method is developed for the synthesis of SNAFR-1.  
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Wolfbeis and co-workers had predicted that novel benzannulated xanthenes 
would prove useful synthetic targets, particularly as intracellular pH probes.  A new 
methodology for the synthesis of “missing” [a] and [b] benzoxanthene regioisomers was 
described herein.  I have shown that a type [a] benzofluorone, SNAFR-2, exhibits unique 
properties, including white light emission as well as excitation over a 400 nm range.  
Additionally, this compound shows promise for use in cellular imaging studies.   
The dual visible emission maxima in the green and red spectral regions of the 
benzannulated xanthenes reported herein are dependent on both solution pH and 
excitation wavelength.  I have found that benzannulated xanthenes emit blue light based 
on the equilibria involving nucleophilic addition at their benzylic carbon.  Thus, tuning 
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the intensities of the red green and blue emission wavelengths of SNAFR-2 to 
approximately equal intensities, via optimizing both solution parameters and excitation, 
renders it a red-green-blue (RGB) dye.  This embodies a unique example of a simple dye 
that emits white light upon UV excitation.  In order to realize materials applications, 
studies of SNAFR-2 and congeners in the solid state are needed.  The synthesis and 
properties of these and related new fluorophores will be reported in due course.   
3.4 Experimental 
General Methods. 1,6-Dimethoxynaphthalene was purchased from Wilshire 
Technologies. 2,4-Dimethoxybenzenephenone was prepared by a known procedure.36 All 
other reagents were purchased from Sigma-Aldrich and used as received without further 
purification except THF and CH2Cl2 which were dried using the Innovative Technologies 
Solvent Purification System.  EtOAc, hexane, CHCl3, acetone and MeOH were 
purchased from EMD biosciences and used as received.  All reactions were carried out 
under an Ar atmosphere unless otherwise indicated.  The TLC plates used were Silica 
XHL TLC plates, glass backed, 250 μm, from Sorbent Technologies. Silica gel used was 
60 Å standard grade with a distribution of 40-63 μm, from Sorbent Technologies. High-
resolution MS (HRMS) and ESI spectra were obtained at the Mass Spectrometry Facility 
of Georgia State University, Atlanta, GA.  NMR spectra were acquired in DMSO-d6 or 
CDCl3 on a Bruker DPX-250, DPX-300 or Avance-400 spectrometer.  All δ values are 
reported with DMSO referenced at 2.49 ppm for 1H NMR and at 39.5 ppm for 13C NMR, 
or with CDCl3 referenced at 7.26 ppm for 1H NMR and at 77.0 ppm for 13C NMR. 
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X-Ray Crystallography.  Intensity data for X-ray crystallography was collected 
for compounds 3.4-3.10 and 3.13 at T=110K using graphite monochromated MoKα 
radiation (λ=0.71073 Å) on a Nonius KappaCCD diffractometer fitted with an Oxford 
Cryostream cooler. Structures were solved by direct methods and refined by full-matrix 
least squares, using SHELXL97.37 For all compounds, H atoms were visible in difference 
maps, but were placed in idealized positions, torsional parameters were refined for 
methyl groups, and OH hydrogen positions were refined individually. 
UV-Vis Absorption and Fluorescence Spectroscopy.  UV-Vis spectra were 
collected on Cary 50 Bio UV-Vis spectrophotometer at rt using 1-cm quartz cuvette.  
Fluorescence spectra were collected on a Fluorolog®-22Tau3 (Horiba Jobin Yvon, 
Edison, NJ).  Solutions were placed in a 1 cm pathlength quartz cell (Starna Cells, 
Atascadero, CA).   Emission spectra were collected following excitation with a 450W 
xenon arc lamp.  A dual monochromator was used to select light of 325, 488, 514, 543, 
and 633 nm (band pass=1 nm).  Emission wavelengths were scanned with 1 nm step sizes 
using a dual monochromator (band pass=4 nm).  Integration time was set to 0.1 second 
per point and 950 V was applied to a Hamamatsu R928 PMT.  Excitation spectra were 
monitored with an emission and excitation band pass of 4 and 1 nm respectively.  All 
spectra were corrected through division by signal from a reference channel.  Excitation 
emission matrices (EEMs) were collected over various spectral regions using 2 nm step 
sizes for emission and 10 nm step sizes for excitation.  An estimate of the fluorescence 
quantum yield was obtained as reported.38 Quantum yields are relative to Rhodamine 6G 
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in EtOH. Assumption was made that rhodamine 6G has a quantum yield of 1 when 
dissolved in EtOH. 
Live-Cell Measurements.  HEp2 cells were obtained from ATCC and 
maintained in a 50:50 mixture of DMEM:Advanced MEM (Invitrogen) supplemented 
with 5% FBS (Invitrogen) and Primocin as antibiotic (Invivogen). Cells were subcultured 
twice weekly to maintain working stocks. HEp2 cells were seeded onto LabTek ll 
chamber coverslips and allowed to grow for 48 h. SNAFR-2 was first prepared as a 10 
mM stock in DMSO and then diluted directly into medium to 10 µM. Cells were then fed 
medium containing SNAFR-2 for 30 min. Slides were then washed three times with 
medium containing 50 mM HEPES pH 7.2 and examined using a Zeiss Labovert 200M 
microscope fitted with a standard Texas Red filter set (Chroma Technology Corp.). 
Images were acquired using a Zeiss AxioCam MRm digital camera. Mitochondria were 
stained using  250 nM MitoTracker Green FM and endoplasmic reticulum were stained 
using 1 µM ER-Tracker Green (both from Molecular Probes) by incubating cells for 30 
minutes with the appropriate dye and washing as above. Organelle stains were visualized 
using a standard FITC filter set (Chroma Technology Corp.) Compound toxicity was 
tested by plating 7500 HEp2 cells per well on a Costar 96-well plate. Cells were allowed 
to grow for 48 hours and then were fed medium containing 2 fold dilutions of SNAFR-1 
ranging from 10 µM to 1.25 µM. 0.1% Saponin (Sigma) was used as a negative control.  
Cells were then incubated for 24 hours. For normalization purposes, untreated cells were 
considered 100% viable, and cells treated with 0.1% saponin were considered 0% viable. 
Viability was measured using the CellTiter Blue Cell Viability assay (Promega) as per 
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manufacturer’s instructions. Fluorescence signal was detected using an excitation 
wavelength of 520 nm and emission wavelength of 584 nm.  
Compounds 3.4 and 3.5. 1,6-Dimethoxynaphthalene (5 g) was lithiated 
according to a known procedure39 in a 100 ml three-neck round bottom flask.  The 
lithiated 1,6-dimethoxynaphthalene was cooled to -78 ºC.  Methyl benzoate (1.7 g) in 20 
mL THF was added dropwise over 20 min.  The mixture was allowed to warm to rt over 
6 h.  The reaction mixture was quenched with deionized water and neutralized with 2 N 
HCl.  THF was removed in vacuo.  The resulting mixture was extracted with CH2Cl2 (3 × 
50 mL). The combined extracts were dried over MgSO4 and filtered, and evaporated to 
dryness. The residue was purified via flash chromatography (silica gel; EtOAc:hexane, 
20:80) to afford 4.5 g (71%) of 3.4 and 0.77 g (11%) of 3.5. Data for compound 3.4: 1H 
NMR (CDCl3, 250 MHz) δ (ppm): 8.06 (s, 2H), 7.32-7.40 (m, 7H), 7.22 – 7.17 (m, 4H), 
6.68 (dd, J = 6.3, 2.3 Hz, 2H), 5.38 (s, 1H), 3.88 (s, 6H), 3.69 (s, 3H). 13C NMR (CDCl3, 
75 MHz) δ (ppm): 156.8, 156.0, 146.7, 135.3, 134.0, 127.9, 126.6, 126.4, 123.3, 120.2, 
118.4, 106.8, 102.1, 81.4, 55.4, 55.3. ESI [M-OH]+ calcd 463.1904, found 463.3515. Data 
for compound 3.5: 1H NMR (CDCl3, 300 MHz) δ (ppm): 8.30 (d, J = 9.2 Hz, 1H), 7.94 (d, 
J = 9.2 Hz, 1H), 7.49 (s, 2H), 7.34 – 7.28 (m, 7H), 7.14 – 7.06 (m, 4H), 6.61 (dd, J = 7.8, 
2.9 Hz, 2H), 5.38 (s, 1H), 3.97 (s, 3H), 3.76 (s, 3H), 3.68 (s, 3H), 3.14 (s, 3H). 13C NMR 
(CDCl3, 75MHz) δ (ppm): 156.7, 155.8, 155.4, 155.2, 146.4, 138.5, 134.3, 127.7, 126.7, 
126.3, 124.9, 123.7, 122.7, 121.4, 121.1, 120.2, 118.3, 113.9, 105.4, 101.3, 101.3, 81.7, 
56.5, 55.4, 55.3, 55.2. ESI [M-OH]+ calcd 463.1904, found 463.1664. 
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Compound 3.6.  The preparation procedure is practically the same as for 
compounds 3.4 and 3.5 with the exception that phthalic anhydride (1.96 g) is used instead 
of methyl benzoate. After the reaction is quenched with distilled water, THF is removed 
by steam distillation. The resulting precipitate is collected by suction filtration. The 
resulting residue is washed with cold EtOH (20 × 3 mL) to afford 3.7 g (55%) of 3.6. 
Data for compound 3.6: 1H NMR (CDCl3, 250 MHz) δ (ppm): 7.97 (s, 2H), 7.93 (d, J = 
7.5 Hz, 1H), 7.83 – 7.74 (m, 2H), 7.64 (td, J = 13.9, 1.9 Hz), 7.39 (d, J = 2.38 Hz, 2H), 
7.36 (d, J = 3.7 Hz, 4H), 6.80 (dd, J = 5.5, 3.2 Hz, 2H), 3.83 (s, 3H), 3.53 (s, 3H). 13C 
NMR (CDCl3, 75 MHz) δ (ppm): 169.5, 155.6, 155.0, 152.6, 135.3, 134.4, 129.6, 128.6, 
127.5, 125.2, 124.3, 120.4, 119.1, 118.5, 107.3, 102.9, 90.0, 55.5. ESI [M+H]+ calcd 
507.1802, found 507.1638.  
Compounds 3.7, 3.8 and 3.9.  The preparation procedure is the same as for 
compounds 3.4 and 3.5 except that 2, 4-dimethoxybenzophenone is used instead of 
methyl benzoate. The crude product is purified via flash chromatography (silica gel; 
EtOAc:hexane, 20:80) to afford 0.52 g (11%) of 7, 3.43 g (71%) of 3.8 and 27 mg (<1%) 
of 3.9. Data for compound 3.7:  1H NMR (CDCl3, 300 MHz) δ (ppm): 8.31 (d, J = 9.3 Hz, 
1H), 7.92 (d, J =8.9 Hz, 1H), 7.45-7.09 (m, 7H), 6.63 (d, J = 7.6 Hz, 1H), 6.52 (d, J = 2.4 
Hz, 1H), 6.46 (d, J = 8.6 Hz, 1H), 6.33 (dd, J = 8.6, 2.4 Hz, 1H), 5.38 (s, 1H), 3.97 (s, 
3H), 3.81 (s, 3H), 3.56 (s, 3H), 3.28 (s, 3H). 13C NMR (CDCl3, 75 MHz) δ (ppm): 159.5, 
158.0, 155.2, 147.3, 130.4, 129.3, 128.2, 127.6, 126.6, 124.8, 123.7, 122.6, 121.0, 114.3, 
103.4, 101.4, 99.4, 81.4, 56.7, 55.4, 55.3. ESI [M-OH]+ calcd 413.1753, found 413.1223. 
Data for compound 3.8: 1H NMR (CDCl3, 300 MHz) δ (ppm): 8.06 (s, 1H), 7.27-7.38 (m, 
7H), 7.14 (s, 1H), 6.84 (d, J = 8.6 Hz, 1H), 6.68 (d, J = 5.1 Hz, 1H),  6.55 (d, J = 2.0 Hz, 
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1H), 6.40 (dd, J = 8.6, 2.0 Hz, 1H), 5.29 (s, 1H), 3.88 (s, 3H), 3.82 (s, 3H), 3.63 (s, 3H), 
3.56 (s, 3H). 13C NMR (CDCl3, 75 MHz) δ (ppm): 160.1, 158.6, 156.7, 156.0, 146.9, 
135.2, 134.3, 130.5, 127.8, 127.1, 126.7, 126.6, 126.4, 122.9, 120.1, 118.4, 106.8, 103.6, 
102.2, 100.0, 81.0, 55.6, 55.3, 55.2. ESI [M-OH]+ calcd 413.1753, found 413.1549. Data 
for compound 3.9: 1H NMR (CDCl3, 300 MHz) δ (ppm): 9.04 (s, 1H), 7.33 – 7.22 (m, 
8H), 6.68 (d, J = 5 Hz, 1H), 6.55 (s, 1H), 6.27 (s, 1H), 6.10 (s, 1H), 3.83 (s, 3H), 3.81 (s, 
3H), 3.80 (s, 3H). 13C NMR (CDCl3, 75 MHz) δ (ppm): 160.6, 157.6, 156.0, 155.8, 144.7, 
135.3, 132.3, 130.0, 127.8, 127.6, 127.4, 123.9, 121.8, 118.4, 107.2, 104.8, 102.9, 102.5, 
84.5, 55.4, 55.2, 55.2. ESI [M-OH]+ calcd 399.1591, found 399.1506. 
Compound 3.10. To a stirred solution of 3.4 (0.200 g) in 30 mL anhydrous 
CH2Cl2 at -78 ºC, BBr3 (1.5 mL) is added dropwise.  The mixture is warmed to rt slowly 
before quenching with 20 mL distilled H2O.  After stirring for 20 min and filtration, a red 
precipitate is collected.  The red precipitate is washed and transferred into a round bottom 
flask with acetone and dried in vacuo.  The resulting red powder is purified by flash 
chromatography (silica gel, Hexane: EtOAc 6:4) to give 107 mg (61%) of compound 
3.10. 1H NMR (DMSO-d6, 300 MHz) δ (ppm): 10.24 (s, 2H), 8.07 (s, 2H), 7.70 (s, 2H), 
7.36 – 7.12 (m, 10 H), 6.72 (d, J = 7 Hz, 2H). 13C NMR (CDCl3, 62.9 MHz) δ (ppm): 
154.1, 150.7, 150.4, 149.6, 135.9, 135.5, 130.8, 129.1, 128.9, 128.3, 127.5, 126.2, 125.9, 
124.4, 124.3, 122.6, 119.2, 118.2, 112.0, 111.7, 107.3 77.2. MALDI-TOF [M-OMe]+ 
calcd 339.117, found 338.982. 
Compound 3.12 was prepared with the same method as compound 3.10 except 
that 500 mg of compound 7 are used and the temperature is raised to 50 ºC before adding 
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BBr3 affording 390 mg (99%) of 3.12.  1H NMR (DMSO-d6, 300 MHz) δ (ppm): 9.97 (s, 
1H), 8.17 (d, J = 9.2 Hz), 7.77 (d, J = 9.0 Hz), 7.36 – 7.25 (m, 5H), 7.19 (t, J = 7.5 Hz, 
2H), 7.04 (t, J = 6.6 Hz, 2H), 6.98 (d, J = 8.5 Hz, 1H), 6.70 (d, J = 2.1 Hz, 1H), 6.63 (dd, 
J = 7.0, 3.4 Hz, 2H), 3.75 (s, 3H). HRMS [M+H]+ calcd 353.1172, found 353.1171. 
Compound 3.13. To a stirred solution of 3.8 (0.500 g) in 30 mL anhydrous 
CH2Cl2 at -78 ºC, BBr3 (4.65 g) is added dropwise.  The mixture is warmed to rt slowly 
before quenching with 20 mL distilled H2O.  After stirring for 20 min and filtration, a red 
precipitate is collected.  The red precipitate is washed with acetone, transferred into a 
round bottom flask and dried in vacuo.  The resulting red powder is purified by flash 
chromatography (silica gel, EtOAc-MeOH 9:1) to give 60 mg (15%) of compound 3.13. 
1H NMR (DMSO-d6, 300 MHz) δ (ppm): 10.68 (bs, 1H), 7.99 (s, 1H), 7.91 (s, 1H), 7.69-
7.40 (m, 7H), 7.03 (d, J = 9.8 Hz, 1H), 6.82 (d, J = 6.6 Hz, 1H), 6.43 (d, J = 9.6 Hz, 1H). 
13C NMR (CDCl3, 75 MHz) δ (ppm): 195.7, 158.9, 155.1, 149.5, 149.3, 137.4, 133.5, 
132.4, 131.5, 130.5, 130.2, 129.7, 125.5, 122.5, 120.5, 120.4, 118.2, 112.4, 108.3, 106.5. 
HRMS [M+H]+ calcd 339.1021, found 339.1016. 
SNAFR-1 was prepared in the same manner as compound 3.13 except that 25 mg 
of compound 3.7 are used and the temperature is raised to 50 ºC before the addition of 
BBr3 affording 16 mg (56%) of SNAFR-1.  An improved synthesis of SNAFR-1 is 
included in the chapter 4.  Data for SNAFR-1: 1H NMR (DMSO-d6, 300 MHz) δ (ppm): 
8.58 (d, J = 9.3 Hz, 1H), 7.68-7.69 (m, 3H), 7.66 (d, J = 9.3 Hz, 1H), 7.44-7.48 (m, 2H), 
7.00 (d, J = 9.9 Hz, 1H), 6.98 (dd, J = 8.4, 7.2 Hz, 1H), 6.84 (d, J = 7.2 Hz, 1H), 6.51 (dd, 
J = 9.9, 1.8 Hz, 1H), 6.43 (d, J = 9.3 Hz, 1H), 6.32 (d, J = 1.8 Hz, 1H). 13C NMR 
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(DMSO-d6, 75 MHz) δ (ppm): 183.1, 157.2, 154.0, 149.2, 136.4, 130.8, 130.2, 130.1, 
129.7, 128.9, 129.0, 128.1, 120.0, 115.9, 115.2, 108.5, 103.3. MALDI-TOF [M+H]+ calcd 
339.102, found 339.319. 
Synthesis of SNAFR-2. 1,6-Dihydroxynaphthalene (1.5 g, 9.3 mmol) and 2,4-
dihydroxybenzophenone (2.0 g, 9.3 mmol ) are added to a 100 mL round bottom flask 
containing 25 mL CH3SO3H.  The mixture is heated at reflux for 24 h.  The resulting 
dark-red liquid is poured into 200 mL distilled H2O and neutralized by the addition of 
NaHCO3 until the solution turns almost colorless.  The liquid is decanted and the 
resulting residue is dissolved in MeOH and treated with Na2SO4.  The mixture is filtered 
and evaporated to dryness.  The red residue is purified by flash chromatography 
(EtOAc:MeOH=9.5:0.5). 18.6 mg (3 % yield, not optimized) SNAFR-2 are obtained.  
Data for SNAFR-2:  1H NMR (DMSO-d6, 300 MHz) δ (ppm): 8.52 (d, J = 9.3 Hz, 1H), 
7.65-7.70 (d, 3H), 7.56 (d, J = 9.0, 1H), 7.49-7.53 (m, 2H), 7.32 (dd, J = 9.3, 2.7 Hz, 1H), 
7.23 (d, J = 2.7 Hz, 1H), 7.09 (d, J = 9.3 Hz, 1H), 7.04 (d, J = 9.0, 1H), 6.52 (dd, J = 9.3, 
1.5 Hz, 1H), 6.50 (d, J = 1.5 Hz, 1H). 13C NMR (DMSO-d6, 75 MHz) δ (ppm): 183.5, 
159.6, 158.3, 150.0, 137.7, 132.7, 130.3, 130.0, 129.4, 128.8, 124.6, 123.5, 123.2, 119.9, 
116.0, 113.5, 110.0, 104.7. MALDI-TOF [M+H]+ calcd 339.102, found 339.431. 
Compound 3.16 is observed when MeOH is added into a solution of compound 
3.12 in DMSO. 1H NMR (DMSO-d6, 300 MHz) δ (ppm):10.09 (s, 1H), 8.23 (d, J = 9.2 
Hz, 2H), 7.67 (d, J = 8.5 Hz, 1H), 7.37 – 7.31 (m, 4H), 7.25 – 7.17 (m, 4H), 7.09 - 6.96 
(m, 3H), 6.78 (d, J = 2.5 Hz, 1H), 6.70 (t, J = 6.5 Hz, 2H), 3.80 (s, 3H), 2.84 (s, 3H). 
73 
 
Synthesis of compound 3.17.  2,4-Dihydroxybenzophenone (2.0 g, 9.3 mmol) is 
dissolved in THF (100 mL).  The solution is cooled to -78 ºC with a dry ice bath. n-BuLi 
(11.6 mL, 1.6 M in hexane) is added dropwise with constant stirring.  The mixture is 
allowed to warm to rt overnight and cooled over an ice bath.  TBDMSCl (2.9 g, 19.5 
mmol) in THF (20 mL) is added dropwise.  After the addition is complete, the solution is 
allowed to warm to rt within 4 h. The solution is re-cooled to -78 ºC and a solution of 
lithiated 1,6-dimethoxynaphthalene (1.84 g, 9.8 mmol, see original supporting 
information for preparation of the solution) is added dropwise.  After completion, the 
solution is allowed to warm to rt overnight.  HCl (10 mL, 4 M) is added in one portion.  
The solution is stirred at rt for 30 min. Deionized H2O (200 mL) is added.  Much of the 
THF is removed under vacuum.  The remaining aqueous material is extracted with 
CH2Cl2 and dried over MgSO4.  Purification by flash chromatography (EtOAc) affords 
56 mg (1.7 % yield based on 2,4-dihydroxybenzophenone, yield not yet optimized) of 
new SNAFR-1 methyl ether (17).  Data for compound 17: 1H NMR (DMSO-d6, 300 
MHz) δ (ppm): 8.58 (d, J = 9.2 Hz, 1H), 7.72 (d, J = 9.2 Hz, 1H), 7.66–7.69 (m, 3H), 
7.44-7.48 (m, 2H), 7.11 (d, J = 8.4 Hz, 1H), 7.01 (d, J = 10.0 Hz, 1H), 6.97 (d, J = 7.8 Hz, 
1H), 6.65 (d, J = 8.8 Hz, 1H), 6.51 (dd, J = 10.0, 2.0 Hz, 1H), 6.31 (d, J = 2.0 Hz, 1H), 
3.95 (s, 3H). 13C NMR (DMSO-d6, 75 MHz) δ (ppm): 183.1, 157.1, 155.3, 153.2, 148.8, 
136.3, 130.1, 129.7, 129.3, 129.0, 128.2, 127.8, 127.5, 125.0, 117.2, 116.0, 104.8, 103.4, 
55.7. MALDI-TOF [M+H]+ calcd 353.117, found 353.330. 
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EXPANSION OF THE SEMINAPHTHOFLUORONE FAMILY AND A 
RELIABLE 2D NMR CHARACTERIZATION METHOD 
4.1  Introduction 
Dyes that are active in the near infrared (NIR) region have aroused ongoing 
attention due to their diverse applications in many fields.  Their advantages include 
minimal background absorption and fluorescence from biological samples, inexpensive 
laser diode excitation and large tissue penetration depth.1  However, there are only 
relatively few classes of NIR dyes available.  These include the phthalocyanines, cyanine 
dyes and squaraine dyes.2  Phenoxazines are also generally classified as NIR dyes.  
However, their emission maxima are generally within the red spectral region.  For 
example, Nile blue has an emission maximum of 625 nm in EtOH and 660 nm in 
MeOH.3 
Aqueous insolubility and ease of aggregate formation are problems often 
encountered with phthalocyanine and squaraine dyes in biological systems.4  Cyanine 
dyes are excellent NIR dyes that have high molar absoptivity, adequate fluorescence, and 
good photostability.5  The intrinsically small Stokes shift makes excitation and scattered 
light can often interfere with the fluorescence acquisition.6  Numeruous efforts have been 
made to improve the photophysical and photochemical properties of existing NIR dyes. 
For example, various hydrophilic groups such as sulfonate, pyridinium, glycol and 
carboxylate, have been incorporated to increase aqueous solubility.  Moreover, the 
addition of charged functional groups and increased sterics has aided in reducing 
aggregation.  Cyanine dyes have also been functionalized with alkylamines to increase 
their Stokes shift.6 
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The modification of existing NIR dye skeletons with appropriate functional 
groups has afforded enhanced properties, but has also led to new problems such as 
lowered fluorescence.7  In addition, increasing the molecular weight of the dyes has led to 
interference with the functions of biomolecules, and/or precipitation. For example, large 
molecular weight dyes cannot be used for in vivo amyloid labeling since such studies 
require blood brain barrier penetration.8  The development of simple and novel low 
molecular weight active NIR platforms for further tailoring is of current interest.  Very 
recent progress is exemplified in studies of the aza-BODIPYs.9 
4.2 Results and Discussion 
Xanthene dyes, such as fluorescein and rhodamine derivatives, are the most 
commonly used fluorescent dyes due to their bright fluorescence and compatibility with 
common laser line excitations. They’ve been actively functionalized to exhibit different 
photophysical properties for various applications during the past century.  Fluorescein 
emission generally falls in the green or yellow spectral region while some rhodamines 
emit red (> 600 nm).10 
An alternative way to increase the absorption and emission wavelength is to 
increase the conjugation length between the donor and acceptor.  For example, the first 
benzoxanthene, i.e., naphthofluorescein, was synthesized in 1989, together with its 
sulfonic acid derivative, Vita Blue.11 Analogs of benzoxanthenes, SNAFL 
(seminaphthofluorescein) and SNARF (semi-naphthorhodafluor), were prepared in 1990 
by Haugland et al (Figure 4.1).12 All of these latter compounds display a largely red 
shifted emission located in the red spectral region, such as 635 nm for SNAFL and 668 
nm for naphthofluorescein in aqueous solution.10a Besides their long wavelength 
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emissions, they also display dual excitation/dual emission resulting from the fact that 
both neutral and anionic forms are fluorescent.  This property makes benzoxanthenes 
useful in ratiometric measurements, which method are known to give more accurate 
result by minimizing the influences of uneven loading of the probes, fluctuation of 



















Figure 4.1. The first benzoxanthenes, developed ca. twenty years ago.  
Lee et al. raised the issue that there two other regioisomers of naphthofluoresceins 
may exist (Figure 4.2).11  Semiempirical calculations by Wolfbeis et al. on each of the 
three classes of regioisomers showed that the benzo[a]- and benzo[b]-isomers not 
obtained would absorb and emit at a significantly longer wavelength and would be 
interesting targets for synthesis.13  However, the synthesis was not reported until very 
recently.14   
The benzoxanthenes (SNAFR-1, -2 and -3) were constructed to investigate the 













Figure 4.2. Three possible regioisomers of benzofluorescein synthesized from phthalic 
anhydride and 1,6-dihydroxynaphthalene using traditional acid catalyzed method. Only 
the type [c] isomer has been obtained to date. 
prediction of Wolfbeis et al.,13 we found  that SNAFR-1 displayed a ca. 100 nm 
bathochromic shift compared to SNAFR-2.   Its emission is also well within the NIR 
region in two solvent systems studied, DMSO and aqueous buffer.14  SNAFR-3 exhibits 
strikingly different properties compared to its type [a] and [c] congeners.  Its DMSO or 
MeOH solutions emit in the blue/cyan spectral region.  It has a very poor solubility in 












Figure 4.3. All six possible regioisomers of SNAFRs. 
After careful structural studies of SNAFR 1-3, it occurred to us that related new 
targets shown in Figure 4.3 would possess the same degree of conjugation between their 
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donor and acceptor functionality.  To the best of our knowledge, there is no precedent for 
any synthetic or theoretical studies of benzoxanthene dyes SNAFR 4-6.  
Herein we report the synthesis of SNAFR-4 and -6 (Scheme 1). When 2,7-
dimethxynaphthalene (4.1) is treated with n-BuLi at room temperature, C-3 is lithiated 
due to that fact that C-3 is less electron-rich compared to C-1. Nucleophilic attack at 2,4-



































Scheme 4.1. Synthsis of SNAFR-4 and SNAFR-6: a) Br2, CHCl3, rt, 30 min; b) Mg, 
THF, rt, 30 min; c) 2,4-dimethoxybenzophenone, THF, -78ºC, 6 hr; d) BBr3, CH2Cl2, -
78ºC, 6 hr; e) BBr3, CH2Cl2, -78ºC, 6 hr; f) n-BuLi,THF, rt, 24 hr; g) 2,4-
dimethoxybenzo-phenone, THF, -78ºC, 6 hr; h) BBr3, CH2Cl2, -78ºC, 6 hr. Note: The 
numbering scheme of compound 1 is shown in italics. 
obtained in 49% yield by demethylation of 4.2 using BBr3 under dry ice bath. When 4.1 
is treated with Br2 at room temperature, C-1 is brominated due to its higher electron 
density compared to C-3 to furnish 4.3 in 91% yield.  Compound 4.3 is converted to the 
corresponding Grignard reagent.  Reaction with 2,4-dimethoxybenzophenone affords 4.4 
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in 84% yield.  Demethylation of 4.4 generates 4.5 in a near quantitative yield.  Further 
demethylation of 4.5 under the same condition affords SNAFR-4 in 89% yield. The 
synthesis of SNAFR-5 has not yet been accomplished yet due to the limited availability 
of 1,8-dimethoxynaphthalene.   
 
Figure 4.4. ORTEP drawings of SNAFR-2 (top) and SNAFR-4 (bottom) with 
numbering scheme. 
The structures of SNAFR-2, -3 and -4 are confirmed by single crystal X-ray 
structural analysis (Figure 4.4).Due to the structural similarity among all SNAFRs, we 
have developed a systematic method for their characterization, based mainly on 2D 
COSY-derived proton spin-spin coupling patterns.   
All SNAFRs are composed from the following fragments (Figure 4.5).  Each 
fragment is an independent spin-spin coupling system (if long range coupling is not 
considered).  Long-range coupling is present in specific cases and essential for complete 
proton assignment.  In fragment A, Ha is coupled to Hb with acoupling constant of about 
2 Hz, in general.  Furthermore, Hb is coupled to Hc at the same time with a coupling 
constant of around 9 Hz.  Therefore, Ha and Hc are doublets and Hb resonates as a 
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doublet-doublet.  Hd in fragment B is coupled to both He and Hf and is a doublet-doublet, 
resembling the splitting of Hb in fragment A.  He in fragment B is coupled to both Hd and 
Hf and is a doublet-doublet.  However, due to the fact that Jd-e and Je-f are very close, He 
usually may to look like deceptively like a triplet.  The coupling between Hg and Hh in 
fragment C is observable by 2D COSY.  However, their coupling constant is usually 
smaller than 1 Hz; thus, the corresponding peaks look like singlets.  Hi and Hj couple to 
each other and appear as two doublets.  Fragment E appears in all SNAFRs and thus the 
splitting of fragment E does not help distinguish among the various isomers of SNAFRs.  
Moreover, Hk and Hm typically overlap with each other.  As a result, Hk and Hm are often 













































Figure 4.5. Fragments contained in SNAFRs and their spin-spin coupling patterns. 
Long-range couplings (Figure 4.6) are extremely important in the SNAFRs’ 
complete assignment. These couplings are crucial in answering the following questions: 1) 
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how does one assign SNAFR-2 and SNAFR-4, which have the same splitting patterns, if 
long distance coupling is omitted? 2) How does one assign Hd and Hf in fragment B? 3) 
How does one assign Hg and Hh in Fragment C? and 4) How does one assign Hi and Hj.in 
Fragment D?  
H
H 
Figure 4.6 Long Range spin-spin coupling can be observed between two protons in the 











Figure 4.7 Upper left: The basic fragments of SNAFR-6. Down left: Long-range 
coupling in SNAFR-6. Right: 2D-COSY of SNAFR-6 in DMSO-d6. 
SNAFR-6 contains two fragments A, one fragment C and one fragment E.  It’s 
easy to identify the two sets of protons (cross peaks colored in green and purple) from 
fragments A1 and A2 based on their unique doublet, doublet-doublet, doublet splitting 
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patterns.  However, we cannot determine which set is from the A1 fragment and which is 
from A2 until we start to take long-range couplings into consideration.  Only protons on 
the fragment A2 can have long range coupling (colored in blue) with the protons on 
fragment C.  It is evident that the purple set has long-range coupling with the singlets. So, 
the purple set comes from fragment A2 and the green set comes from fragment A1.  It is 
not hard to assign each proton from A1 or A2 based on their splitting patterns and 
coupling constants (Figure 4.7).   
 
Figure 4.8 EEM of 30 μM SNAFR-6 in 50 mM phosphate buffer (pH 8.5) with 1% 
DMSO.  
Table 4.1 Summary of emission maxima of SNAFRs. 
 
In DMSO with1% phosphate buffer (pH 7..5, 
50mM) 
In phosphate buffer (pH 7.5, 50mM) with 
1% DMSO 
 Em λmax (nm) Em λmax (nm) 
 N A N A 
SNAFR-1 620 765 546 690 
SNAFR-2 560 675 540 620 
SNAFR-4 610 690 511 600 




Further extensive investigations of the photophysical properties of SNAFRs in 
various solvents are currently ongoing. NIR emission of SNAFR-6 in aqueous buffer 
with 1% DMSO is shown below as an example (Figure 4.8).  Emission maxima of all 
available SNAFRs are summarized in the Table 4.1.   
4.3 Conclusion 
 In conclusion, I’ve synthesized a family of SNAFR fluorophores, some of which 
are promising low molecular weight NIR dyes.  A reliable and convenient methodology 
based on 2D COSY has been developed in order to characterize all different SNAFR 
isomers. 
4.4 Experimental 
Compound 4.2 is prepared following reported procedures.15 
Compound 4.3. Magnesium turnings (0.47 g, 19.6 mmol) and a few crystals of I2 
are placed in a 250 mL three-neck round-bottom flask fitted with a dropping funnel and a 
condenser.  A solution of 2,7-dimethoxy-1-bromonaphthalene (4.3, 5.0 g, 18.7mmol) in 
20 mL anhydrous THF is added dropwise to the magnesium.  The mixture is heated to 
gentle reflux briefly before stirring for 20-30 min at rt.  The resulting Grignard reagent 
(2,7-dimethoxynaphthylmagnesium bromide) is cooled in a dry ice/acetone bath before a 
solution of 2,4-dimethoxybenzophenone (4.68 g, 19.6 mmol) in 20 mL dry THF is added 
dropwise.  The mixture is stirred overnight and quenched with 200 mL of deionized 
water and neutralized with 2N HCl.  The resulting mixture is extracted with CH2Cl2 
(3×30 mL) and the combined extracts dried over MgSO4, filtered and the filtrate 
evaporated to dryness.  The residue is purified by flash chromatography (silica gel; 
EtOAc-hexane, 2:8) to afford 6.7 g (84%) of 4.5.  1H NMR (CDCl3, 300 MHz) δ 7.67 (d, 
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J = 8.9 Hz, 1H), 7.60 (d, J = 2.0 Hz, 1H), 7.59 (d, J = 8.5 Hz, 1H), 7.47-7.44 (m, 2H), 
7.32-7.20 (m, 3H), 7.01 (d, J = 8.9 Hz, 1H), 6.90 (dd, J = 8.9, 2.4 Hz, 7.21-7.10 (m, 5H), 
6.86 (d, J=8.6 Hz, 2H), 6.52 (d, J=2.2 Hz, 2H), 6.42 (dd, J=8.6, 2.2Hz, 1H), 6.49 (d, J = 
8.5 Hz, 1H), 6.48 (d, J = 2.5 Hz, 1H), 6.31 (dd, J = 8.6, 2.4 Hz, 1H), 3.76 (s, 3H), 3.48 (s, 
3H), 3.47 (s, 3H), 3.32 (s, 3H); 13C NMR (CDCl3, 75.5 MHz) δ 159.6, 158.4, 156.4, 
155.4, 147.0, 134.4, 130.5, 129.4, 129.2, 128.9, 127.7, 126.6, 125.9, 115.8, 112.8, 107.1, 
103.4, 99.4, 81.1, 56.9, 55.4, 55.3, 54.8. MALDI-Tof m/z 413.887 [M-OH]+ 
Compound 4.4 is prepared following the protocol described above for SNAFR-6 
except that the crude compound 5 obtained after filtration is already of good purity and 
standard column chromatography purification is not applied.  The yield of 5 (0.20 g) is 
95% starting from 4.4 (0.25 g, 0.53 mmol).  1H NMR (DMSO-d6, 300 MHz) δ 7.73 (d, J 
= 9.0 Hz, 1H), 7.66 (d, J = 2.7, 1H), 7.66 (d, J = 3.0 Hz, 1H), 7.61 (d, J = 8.7 Hz, 1H), 
7.34 (d, J = 7.5 Hz, 2H), 7.25 (d, J=8.7 Hz, 1H), 7.17 (t, J = 8.4 Hz, 2H), 7.11 (d, J = 8.7 
Hz, 1H), 7.02 (dd, J = 8.7, 6.0 Hz, 1H), 6.80 (dd, J = 8.7, 3.0 Hz, 1H), 6.61 (dd, J = 9.0, 
3.0 Hz, 1H); 13C NMR (DMSO-d6, 75.5 MHz) δ 150.2, 148.0, 147.9, 133.3, 130.3, 130.1, 
129.7, 127.9, 125.8, 125.5, 125.2, 121.5, 116.7, 116.0, 113.8, 111.1, 110.3, 99.3, 69.3, 
55.4.  At elevated concentration, compound 4.4 seems to aggregate to cause the 13C NMR 
spectrum in DMSO-d6 to vary.  MALDI-Tof m/z 352.847 [M+H]+. 
Compound 4.5. 2,7-dimethoxynaphthalene (3.0 g, 15.9 mmol) in 20 ml THF is 
placed in a 250 mL three-neck round-bottom flask with an ice bath.  A solution of n-BuLi 
(11 ml 1.6M in hexane, 17.6 mmol) is added dropwise.  The mixture is stirred for 24 h.  
The resulting solution is cooled over a dry ice/acetone bath before a solution of 2,4-
dimethoxybenzophenone (3.9 g, 16.7 mmol) in 20 mL dry THF is added dropwise.  The 
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mixture is stirred overnight and then quenched with 200 mL of distilled water and 
neutralized with 2N HCl.   The resulting mixture is extracted with CH2Cl2 (3×30 mL) and 
the combined extracts dried over MgSO4, filtered and the filtrate evaporated to dryness.  
The residue is purified by flash chromatography (silica gel; EtOAc-hexane, 2:8) to afford 
5.3 g (78%) of 2.  Data for compound 4.2:  1H NMR (CDCl3, 300 MHz) δ 7.51 (d, J = 8.9 
Hz, 1H), 7.34 (s, 1H), 7.29-7.20 (m, 5H), 7.09 (s, 1H), 7.05 (d, J = 2.2 Hz, 1H), 6.95 (dd, 
J = 8.8, 2.2 Hz, 1H), 6.84 (d, J = 8.6 Hz, 1H), 6.51 (d, J = 2.2 Hz, 1H), 6.37 (dd, J = 8.6, 
2.2 Hz, 1H), 3.87 (s, 3H), 3.78 (s, 3H), 3.63 (s, 3H), 3.50 (s, 3H); 13C NMR (CDCl3, 75.5 
MHz) δ 160.1, 158.4, 158.1, 156.9, 146.8, 135.1, 132.6, 130.3, 130.0, 128.6, 127.7, 127.1, 
126.6, 126.4, 123.5, 116.1, 106.3, 104.5, 103.6, 99.9, 80.9, 55.5, 55.4, 55.2.  MALDI-Tof 
m/z 413.010 [M-OH]+.  
SNAFR-4. This compound is prepared following the protocol described above for 
SNAFR-6.  The yield of SNAFR-4 (0.040 g) is 89% starting from 4.5 (0.047 g, 0.14 
mmol mmol).  1H NMR (DMSO-d6, 300 MHz) δ 8.20 (d, J = 9.0 Hz, 1H), 7.86 (d, J = 8.7 
Hz, 1H), 7.70-7.65 (m, 3H),  7.49 (d, J = 9.3 Hz, 1H), 7.47-7.42 (m, 2H), 7.08 (dd, J = 
8.1, 1.8 Hz, 1H), 6.96 (d, J = 9.0 Hz, 1H), 6.49 (dd, J = 6.9, 1.8 Hz, 1H), 6.29 (d, J = 1.8 
Hz, 2H); 13C NMR (DMSO-d6, 75.5 MHz) δ 183.3, 172.4, 157.6, 157.3, 154.0, 150.1, 
136.9, 136.3, 131.8, 131.3, 130.1, 129.4, 129.3, 128.2, 125.2, 119.4, 116.4, 113.5, 112.5, 
109.7, 103.4.  MALDI-Tof m/z 338.904 [M+H]+. 
SNAFR-6. A solution of 4.2 (0.50 g, 1.2 mmol) in 20 mL dry CH2Cl2 is cooled to 
-78 ºC using a dry ice/acetone bath before BBr3 (4.6 g,  18.6 mmol) is added dropwise.  
The mixture is allowed to warm to rt overnight before quenching with 20 mL of distilled 
H2O.  The mixture is filtered and washed with deionized water to give crude SNAFR-6.  
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The material is purified by flash chromatography (silica gel, EtOAc:MeOH 9:1) affording  
192 mg (49%) of SNAFR-6.  1H NMR (DMSO-d6, 250 MHz) δ 10.4 (s, 1H), 7.81 (d, J = 
8.0 Hz, d), 7.75 (s, 1H), 7.70-7.63 (m, 3H), 7.607 (s, 1H), 7.55-7.49 (m, 2H), 7.19 (d, J = 
3.5 Hz, 1H), 7.03 (dd, J = 8.8, 2.3 Hz, 1H), 7.00 (d, J = 10.0 Hz, 1H), 6.40 (d, J = 9.5, 2.5 
Hz, 1H), 6.23 (d, J = 2.3 Hz, 1H).  13C NMR (DMSO-d6, 62.9 MHz) δ 184.6, 158.6, 
158.1, 148.9, 148.8, 137.6, 132.5, 131.4, 131.3, 129.5, 129.0, 128.8, 124.7, 119.2, 118.7, 
118.0, 109.9, 107.6, 105.4.  MALDI-Tof m/z 339.137 [M+H]+, 361.097 [M+Na]+. 
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APPENDIX A: NMR AND MS SPECTRA. 
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Figure A.113 1H NMR of 3.16 in DMSO-d6. 
 












































































APPENDIX B:  CRYSTALLOGRAPHIC DATA 
 
Figure B1.  Crystal structure of compound 1.2 
 
Table  B1.  CIF data for compound 1.2 
data_yyang2 
  





_chemical_name_common             ? 
_chemical_melting_point           ? 
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety  'C19 H15 B Br2 O6, 2(C4 H8 O2), H2 O' 
_chemical_formula_sum  'C27 H33 B Br2 O11' 










 'C'  'C'   0.0033   0.0016 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'H'  'H'   0.0000   0.0000 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'B'  'B'   0.0013   0.0007 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'Br'  'Br'  -0.2901   2.4595 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
 'O'  'O'   0.0106   0.0060 
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4' 
  





 'x, y, z' 
 '-x, -y, -z' 
  
_cell_length_a                    10.695(7) 
_cell_length_b                    11.568(6) 
_cell_length_c                    13.286(9) 
_cell_angle_alpha                 74.04(2) 
_cell_angle_beta                  78.53(2) 
_cell_angle_gamma                 86.53(3) 
_cell_volume                      1548.8(17) 
_cell_formula_units_Z             2 
_cell_measurement_temperature     100 
_cell_measurement_reflns_used     4735 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        24.1 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             'pale orange' 
_exptl_crystal_size_max           0.17 
_exptl_crystal_size_mid           0.10 
_exptl_crystal_size_min           0.02 
_exptl_crystal_density_meas       ? 
_exptl_crystal_density_diffrn     1.510 
_exptl_crystal_density_method     'not measured' 
_exptl_crystal_F_000              716 
_exptl_absorpt_coefficient_mu     2.672 
 225 
 
_exptl_absorpt_correction_type 'multi-scan'  
_exptl_absorpt_correction_T_min   0.718 
_exptl_absorpt_correction_T_max   0.947 







_diffrn_ambient_temperature       100 
_diffrn_radiation_wavelength      0.71073 
_diffrn_radiation_type            MoK\a 
_diffrn_radiation_source          'fine-focus sealed tube' 
_diffrn_radiation_monochromator   graphite 
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ? 
_diffrn_standards_number          0 
_diffrn_standards_interval_count  ? 
_diffrn_standards_interval_time   ? 
_diffrn_standards_decay_%         <2 
_diffrn_reflns_number             16291 
_diffrn_reflns_av_R_equivalents   0.108 
_diffrn_reflns_av_sigmaI/netI     0.189 
_diffrn_reflns_limit_h_min        -12 
_diffrn_reflns_limit_h_max        12 
_diffrn_reflns_limit_k_min        -13 
_diffrn_reflns_limit_k_max        13 
_diffrn_reflns_limit_l_min        -15 
_diffrn_reflns_limit_l_max        15 
_diffrn_reflns_theta_min          2.6 
_diffrn_reflns_theta_max          24.1 
_reflns_number_total              4907 
_reflns_number_gt                 2293 
_reflns_threshold_expression      I>2\s(I) 
  
_computing_data_collection  'COLLECT (Nonius 1999)' 
_computing_data_reduction  'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_cell_refinement    'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_structure_solution   'Direct_methods (SIR, Altomare, et al., 1994)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics           'ORTEP-3 for Windows (Farrugia, 1997)' 






 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and 
 goodness of fit S are based on F^2^, conventional R-factors R are based 
 on F, with F set to zero for negative F^2^. The threshold expression of 
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is 
 not relevant to the choice of reflections for refinement.  R-factors based 
 on F^2^ are statistically about twice as large as those based on F, and R- 
 factors based on ALL data will be even larger. 
; 
  
_refine_ls_structure_factor_coef  Fsqd 
_refine_ls_matrix_type            full 
_refine_ls_weighting_scheme       calc 
_refine_ls_weighting_details 
 'calc w=1/[\s^2^(Fo^2^)+(0.0748P)^2^] where P=(Fo^2^+2Fc^2^)/3' 
_atom_sites_solution_primary      direct 
_atom_sites_solution_secondary    difmap 
_atom_sites_solution_hydrogens    geom 
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none 
_refine_ls_extinction_coef        ? 
_refine_ls_number_reflns          4907 
_refine_ls_number_parameters      320 
_refine_ls_number_restraints      0 
_refine_ls_R_factor_all           0.163 
_refine_ls_R_factor_gt            0.074 
_refine_ls_wR_factor_ref          0.183 
_refine_ls_wR_factor_gt           0.156 
_refine_ls_goodness_of_fit_ref    0.916 
_refine_ls_restrained_S_all       0.916 
_refine_ls_shift/su_max           0.001 


















Br1 Br 0.57704(10) -0.05056(9) 0.85850(9) 0.0514(4) Uani 1 1 d . . . 
Br2 Br 0.60708(9) 0.59447(9) 0.58886(10) 0.0517(4) Uani 1 1 d . . . 
O1 O 0.6734(5) 0.4968(6) 0.0256(6) 0.0504(18) Uani 1 1 d . . . 
H1O H 0.6199 0.5448 -0.0022 0.076 Uiso 1 1 calc R . . 
O2 O 0.4945(5) 0.3765(6) 0.0919(6) 0.0478(18) Uani 1 1 d . . . 
H2O H 0.4685 0.3135 0.1391 0.072 Uiso 1 1 calc R . . 
O3 O 0.9063(5) 0.0015(5) 0.4257(5) 0.0358(15) Uani 1 1 d . . . 
H3O H 0.9249 -0.0675 0.4158 0.054 Uiso 1 1 d R . . 
O4 O 0.6874(6) -0.2472(5) 0.7577(5) 0.0371(15) Uani 1 1 d . . . 
H4O H 0.6922 -0.2982 0.7227 0.056 Uiso 1 1 calc R . . 
O5 O 1.0332(5) 0.2266(5) 0.6044(5) 0.0419(16) Uani 1 1 d . . . 
H5O H 1.0924 0.2384 0.6346 0.063 Uiso 1 1 d R . . 
O6 O 0.8277(6) 0.5679(5) 0.7087(5) 0.0452(17) Uani 1 1 d . . . 
H6O H 0.8552 0.5377 0.7653 0.068 Uiso 1 1 calc R . . 
C1 C 0.8499(8) 0.2103(8) 0.4829(8) 0.036(2) Uani 1 1 d . . . 
H1 H 0.9420 0.1964 0.4552 0.043 Uiso 1 1 calc R . . 
C2 C 0.7971(8) 0.0897(7) 0.5596(8) 0.035(2) Uani 1 1 d . . . 
C3 C 0.8316(8) -0.0149(8) 0.5264(8) 0.034(2) Uani 1 1 d . . . 
C4 C 0.7951(8) -0.1248(8) 0.5928(8) 0.036(2) Uani 1 1 d . . . 
H4 H 0.8223 -0.1948 0.5701 0.044 Uiso 1 1 calc R . . 
C5 C 0.7216(8) -0.1368(7) 0.6896(8) 0.033(2) Uani 1 1 d . . . 
C6 C 0.6829(8) -0.0347(7) 0.7216(7) 0.032(2) Uani 1 1 d . . . 
C7 C 0.7208(8) 0.0758(7) 0.6563(7) 0.031(2) Uani 1 1 d . . . 
H7 H 0.6927 0.1453 0.6797 0.038 Uiso 1 1 calc R . . 
C8 C 0.8450(8) 0.3086(7) 0.5430(7) 0.035(2) Uani 1 1 d . . . 
C9 C 0.9357(8) 0.3123(7) 0.6015(7) 0.032(2) Uani 1 1 d . . . 
C10 C 0.9315(8) 0.3984(7) 0.6556(8) 0.039(2) Uani 1 1 d . . . 
H10 H 0.9962 0.3999 0.6949 0.047 Uiso 1 1 calc R . . 
C11 C 0.8327(8) 0.4842(7) 0.6535(8) 0.034(2) Uani 1 1 d . . . 
C12 C 0.7451(8) 0.4811(7) 0.5929(7) 0.035(2) Uani 1 1 d . . . 
C13 C 0.7480(8) 0.3951(7) 0.5383(8) 0.038(2) Uani 1 1 d . . . 
H13 H 0.6843 0.3948 0.4978 0.045 Uiso 1 1 calc R . . 
C14 C 0.7854(8) 0.2546(8) 0.3853(8) 0.038(2) Uani 1 1 d . . . 
C15 C 0.6766(8) 0.2046(7) 0.3732(7) 0.032(2) Uani 1 1 d . . . 
H15 H 0.6375 0.1380 0.4276 0.038 Uiso 1 1 calc R . . 
C16 C 0.6251(8) 0.2494(7) 0.2848(8) 0.034(2) Uani 1 1 d . . . 
H16 H 0.5497 0.2133 0.2801 0.040 Uiso 1 1 calc R . . 
C17 C 0.6764(8) 0.3448(8) 0.2011(8) 0.043(3) Uani 1 1 d . . . 
C18 C 0.7879(8) 0.3929(8) 0.2127(8) 0.042(3) Uani 1 1 d . . . 
H18 H 0.8272 0.4589 0.1577 0.051 Uiso 1 1 calc R . . 
C19 C 0.8428(8) 0.3480(8) 0.3014(8) 0.041(2) Uani 1 1 d . . . 
H19 H 0.9204 0.3811 0.3051 0.049 Uiso 1 1 calc R . . 
B1 B 0.6116(11) 0.4061(10) 0.1040(10) 0.046(3) Uani 1 1 d . . . 
O1S O 0.4166(7) 0.2251(6) 0.7372(6) 0.064(2) Uani 1 1 d . . . 
O2S O 0.2199(6) 0.2641(6) 0.7016(6) 0.058(2) Uani 1 1 d . . . 
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C1S C 0.3187(12) 0.2062(9) 0.6972(10) 0.063(3) Uani 1 1 d . . . 
C2S C 0.3461(11) 0.1066(10) 0.6457(11) 0.083(4) Uani 1 1 d . . . 
H21 H 0.4323 0.0753 0.6517 0.124 Uiso 1 1 calc R . . 
H22 H 0.3401 0.1363 0.5703 0.124 Uiso 1 1 calc R . . 
H23 H 0.2840 0.0422 0.6811 0.124 Uiso 1 1 calc R . . 
C3S C 0.4044(10) 0.3211(9) 0.7882(10) 0.068(4) Uani 1 1 d . . . 
H31 H 0.3265 0.3105 0.8443 0.081 Uiso 1 1 calc R . . 
H32 H 0.3990 0.3996 0.7355 0.081 Uiso 1 1 calc R . . 
C4S C 0.5222(10) 0.3155(9) 0.8367(9) 0.065(3) Uani 1 1 d . . . 
H41 H 0.5166 0.3780 0.8745 0.098 Uiso 1 1 calc R . . 
H42 H 0.5983 0.3287 0.7801 0.098 Uiso 1 1 calc R . . 
H43 H 0.5279 0.2364 0.8869 0.098 Uiso 1 1 calc R . . 










Br1 0.0564(7) 0.0420(6) 0.0538(8) -0.0146(5) -0.0033(6) -0.0010(5) 
Br2 0.0427(6) 0.0431(6) 0.0831(9) -0.0315(6) -0.0275(6) 0.0124(5) 
O1 0.028(3) 0.057(5) 0.058(5) 0.004(4) -0.012(3) -0.013(3) 
O2 0.033(4) 0.047(4) 0.064(5) -0.010(4) -0.016(4) -0.007(3) 
O3 0.044(4) 0.029(3) 0.038(4) -0.011(3) -0.015(3) 0.003(3) 
O4 0.042(4) 0.027(3) 0.046(4) -0.014(3) -0.011(3) -0.002(3) 
O5 0.034(3) 0.042(4) 0.061(5) -0.028(3) -0.020(3) 0.010(3) 
O6 0.043(4) 0.044(4) 0.057(5) -0.025(4) -0.014(4) -0.001(3) 
C1 0.018(4) 0.042(5) 0.058(7) -0.027(5) -0.012(5) 0.005(4) 
C2 0.031(5) 0.028(5) 0.057(7) -0.023(5) -0.014(5) -0.002(4) 
C3 0.034(5) 0.046(6) 0.027(6) -0.012(5) -0.017(5) -0.001(5) 
C4 0.033(5) 0.037(6) 0.048(7) -0.014(5) -0.024(5) 0.004(4) 
C5 0.033(5) 0.026(5) 0.038(7) 0.002(5) -0.018(5) -0.010(4) 
C6 0.038(5) 0.024(5) 0.033(6) -0.002(4) -0.009(4) -0.012(4) 
C7 0.030(5) 0.031(5) 0.042(6) -0.017(5) -0.019(5) 0.007(4) 
C8 0.043(6) 0.020(5) 0.041(6) -0.006(4) -0.011(5) -0.003(4) 
C9 0.031(5) 0.022(5) 0.046(6) -0.008(5) -0.014(5) -0.005(4) 
C10 0.038(5) 0.032(5) 0.054(7) -0.010(5) -0.024(5) -0.001(4) 
C11 0.023(5) 0.027(5) 0.058(7) -0.015(5) -0.015(5) 0.003(4) 
C12 0.034(5) 0.027(5) 0.046(6) -0.009(5) -0.018(5) 0.013(4) 
C13 0.034(5) 0.028(5) 0.051(7) -0.005(5) -0.014(5) -0.003(4) 
C14 0.041(6) 0.031(5) 0.045(7) -0.013(5) -0.010(5) -0.005(5) 
C15 0.036(5) 0.025(5) 0.031(6) -0.006(4) 0.000(5) -0.009(4) 
C16 0.037(5) 0.019(5) 0.035(6) 0.001(5) -0.001(5) 0.008(4) 
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C17 0.031(5) 0.045(6) 0.059(8) -0.018(6) -0.018(5) 0.010(5) 
C18 0.036(5) 0.042(6) 0.044(7) -0.005(5) -0.004(5) -0.002(5) 
C19 0.029(5) 0.046(6) 0.054(7) -0.015(6) -0.023(5) 0.000(5) 
B1 0.045(7) 0.045(7) 0.050(9) -0.021(7) -0.002(7) 0.008(6) 
O1S 0.066(5) 0.049(4) 0.097(6) -0.035(4) -0.046(5) 0.010(4) 
O2S 0.041(4) 0.058(4) 0.088(6) -0.032(4) -0.032(4) 0.015(4) 
C1S 0.073(8) 0.045(7) 0.084(10) -0.015(6) -0.048(7) -0.003(6) 
C2S 0.092(9) 0.059(7) 0.134(12) -0.049(8) -0.087(9) 0.034(7) 
C3S 0.053(7) 0.060(7) 0.119(11) -0.049(7) -0.053(7) 0.013(6) 
C4S 0.067(7) 0.052(7) 0.096(10) -0.045(7) -0.028(7) 0.009(6) 




 All esds (except the esd in the dihedral angle between two l.s. planes) 
 are estimated using the full covariance matrix.  The cell esds are taken 
 into account individually in the estimation of esds in distances, angles 
 and torsion angles; correlations between esds in cell parameters are only 
 used when they are defined by crystal symmetry.  An apprO5imate (isotropic) 









Br1 C6 1.909(9) . ? 
Br2 C12 1.913(8) . ? 
O1 B1 1.354(13) . ? 
O1 H1O 0.8400 . ? 
O2 B1 1.369(13) . ? 
O2 H2O 0.8400 . ? 
O3 C3 1.385(10) . ? 
O3 H3O 0.8494 . ? 
O4 C5 1.368(9) . ? 
O4 H4O 0.8400 . ? 
O5 C9 1.394(9) . ? 
O5 H5O 0.8498 . ? 
O6 C11 1.360(10) . ? 
O6 H6O 0.8400 . ? 
C1 C14 1.538(13) . ? 
C1 C2 1.545(12) . ? 
C1 C8 1.552(11) . ? 
C1 H1 1.0000 . ? 
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C2 C7 1.353(12) . ? 
C2 C3 1.403(11) . ? 
C3 C4 1.362(12) . ? 
C4 C5 1.344(12) . ? 
C4 H4 0.9500 . ? 
C5 C6 1.376(11) . ? 
C6 C7 1.366(11) . ? 
C7 H7 0.9500 . ? 
C8 C9 1.367(12) . ? 
C8 C13 1.396(11) . ? 
C9 C10 1.373(11) . ? 
C10 C11 1.404(11) . ? 
C10 H10 0.9500 . ? 
C11 C12 1.360(12) . ? 
C12 C13 1.377(12) . ? 
C13 H13 0.9500 . ? 
C14 C15 1.387(11) . ? 
C14 C19 1.391(12) . ? 
C15 C16 1.357(12) . ? 
C15 H15 0.9500 . ? 
C16 C17 1.383(12) . ? 
C16 H16 0.9500 . ? 
C17 C18 1.399(12) . ? 
C17 B1 1.562(16) . ? 
C18 C19 1.380(13) . ? 
C18 H18 0.9500 . ? 
C19 H19 0.9500 . ? 
O1S C1S 1.319(12) . ? 
O1S C3S 1.439(11) . ? 
O2S C1S 1.216(12) . ? 
C1S C2S 1.481(14) . ? 
C2S H21 0.9800 . ? 
C2S H22 0.9800 . ? 
C2S H23 0.9800 . ? 
C3S C4S 1.516(13) . ? 
C3S H31 0.9900 . ? 
C3S H32 0.9900 . ? 
C4S H41 0.9800 . ? 
C4S H42 0.9800 . ? 












B1 O1 H1O 109.5 . . ? 
B1 O2 H2O 109.5 . . ? 
C3 O3 H3O 107.8 . . ? 
C5 O4 H4O 109.5 . . ? 
C9 O5 H5O 114.5 . . ? 
C11 O6 H6O 109.5 . . ? 
C14 C1 C2 113.8(7) . . ? 
C14 C1 C8 110.9(7) . . ? 
C2 C1 C8 111.1(7) . . ? 
C14 C1 H1 106.8 . . ? 
C2 C1 H1 106.8 . . ? 
C8 C1 H1 106.8 . . ? 
C7 C2 C3 116.9(8) . . ? 
C7 C2 C1 125.8(7) . . ? 
C3 C2 C1 117.3(8) . . ? 
C4 C3 O3 123.5(8) . . ? 
C4 C3 C2 120.3(9) . . ? 
O3 C3 C2 116.1(8) . . ? 
C5 C4 C3 121.7(8) . . ? 
C5 C4 H4 119.2 . . ? 
C3 C4 H4 119.2 . . ? 
C4 C5 O4 121.9(8) . . ? 
C4 C5 C6 118.6(8) . . ? 
O4 C5 C6 119.5(8) . . ? 
C7 C6 C5 120.2(8) . . ? 
C7 C6 Br1 120.9(6) . . ? 
C5 C6 Br1 119.0(6) . . ? 
C2 C7 C6 122.2(8) . . ? 
C2 C7 H7 118.9 . . ? 
C6 C7 H7 118.9 . . ? 
C9 C8 C13 118.6(8) . . ? 
C9 C8 C1 120.7(7) . . ? 
C13 C8 C1 120.7(8) . . ? 
C8 C9 C10 121.1(8) . . ? 
C8 C9 O5 118.2(7) . . ? 
C10 C9 O5 120.7(8) . . ? 
C9 C10 C11 120.8(9) . . ? 
C9 C10 H10 119.6 . . ? 
C11 C10 H10 119.6 . . ? 
O6 C11 C12 122.0(7) . . ? 
O6 C11 C10 120.6(8) . . ? 
C12 C11 C10 117.4(8) . . ? 
C11 C12 C13 122.4(8) . . ? 
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C11 C12 Br2 119.1(6) . . ? 
C13 C12 Br2 118.5(7) . . ? 
C12 C13 C8 119.7(9) . . ? 
C12 C13 H13 120.1 . . ? 
C8 C13 H13 120.1 . . ? 
C15 C14 C19 117.5(9) . . ? 
C15 C14 C1 124.5(9) . . ? 
C19 C14 C1 117.9(8) . . ? 
C16 C15 C14 120.9(9) . . ? 
C16 C15 H15 119.5 . . ? 
C14 C15 H15 119.5 . . ? 
C15 C16 C17 123.5(9) . . ? 
C15 C16 H16 118.3 . . ? 
C17 C16 H16 118.3 . . ? 
C16 C17 C18 115.3(9) . . ? 
C16 C17 B1 124.3(9) . . ? 
C18 C17 B1 120.1(10) . . ? 
C19 C18 C17 122.3(9) . . ? 
C19 C18 H18 118.9 . . ? 
C17 C18 H18 118.9 . . ? 
C18 C19 C14 120.4(8) . . ? 
C18 C19 H19 119.8 . . ? 
C14 C19 H19 119.8 . . ? 
O1 B1 O2 116.4(10) . . ? 
O1 B1 C17 118.6(10) . . ? 
O2 B1 C17 125.0(10) . . ? 
C1S O1S C3S 117.1(8) . . ? 
O2S C1S O1S 124.1(10) . . ? 
O2S C1S C2S 125.0(10) . . ? 
O1S C1S C2S 111.0(10) . . ? 
C1S C2S H21 109.5 . . ? 
C1S C2S H22 109.5 . . ? 
H21 C2S H22 109.5 . . ? 
C1S C2S H23 109.5 . . ? 
H21 C2S H23 109.5 . . ? 
H22 C2S H23 109.5 . . ? 
O1S C3S C4S 106.6(8) . . ? 
O1S C3S H31 110.4 . . ? 
C4S C3S H31 110.4 . . ? 
O1S C3S H32 110.4 . . ? 
C4S C3S H32 110.4 . . ? 
H31 C3S H32 108.6 . . ? 
C3S C4S H41 109.5 . . ? 
C3S C4S H42 109.5 . . ? 
H41 C4S H42 109.5 . . ? 
C3S C4S H43 109.5 . . ? 
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H41 C4S H43 109.5 . . ? 













C14 C1 C2 C7 -106.6(10) . . . . ? 
C8 C1 C2 C7 19.5(12) . . . . ? 
C14 C1 C2 C3 73.7(9) . . . . ? 
C8 C1 C2 C3 -160.2(8) . . . . ? 
C7 C2 C3 C4 -3.9(13) . . . . ? 
C1 C2 C3 C4 175.8(8) . . . . ? 
C7 C2 C3 O3 178.0(7) . . . . ? 
C1 C2 C3 O3 -2.3(11) . . . . ? 
O3 C3 C4 C5 -179.4(8) . . . . ? 
C2 C3 C4 C5 2.6(13) . . . . ? 
C3 C4 C5 O4 -178.3(8) . . . . ? 
C3 C4 C5 C6 0.0(13) . . . . ? 
C4 C5 C6 C7 -1.1(13) . . . . ? 
O4 C5 C6 C7 177.2(8) . . . . ? 
C4 C5 C6 Br1 179.4(6) . . . . ? 
O4 C5 C6 Br1 -2.3(11) . . . . ? 
C3 C2 C7 C6 2.8(13) . . . . ? 
C1 C2 C7 C6 -176.9(8) . . . . ? 
C5 C6 C7 C2 -0.3(13) . . . . ? 
Br1 C6 C7 C2 179.1(7) . . . . ? 
C14 C1 C8 C9 -153.0(8) . . . . ? 
C2 C1 C8 C9 79.4(10) . . . . ? 
C14 C1 C8 C13 27.0(11) . . . . ? 
C2 C1 C8 C13 -100.7(9) . . . . ? 
C13 C8 C9 C10 0.6(13) . . . . ? 
C1 C8 C9 C10 -179.5(8) . . . . ? 
C13 C8 C9 O5 -179.1(7) . . . . ? 
C1 C8 C9 O5 0.8(12) . . . . ? 
C8 C9 C10 C11 0.9(14) . . . . ? 
O5 C9 C10 C11 -179.4(8) . . . . ? 
C9 C10 C11 O6 178.8(8) . . . . ? 
C9 C10 C11 C12 -2.4(13) . . . . ? 
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O6 C11 C12 C13 -178.7(8) . . . . ? 
C10 C11 C12 C13 2.5(14) . . . . ? 
O6 C11 C12 Br2 -2.1(12) . . . . ? 
C10 C11 C12 Br2 179.1(6) . . . . ? 
C11 C12 C13 C8 -1.1(14) . . . . ? 
Br2 C12 C13 C8 -177.7(6) . . . . ? 
C9 C8 C13 C12 -0.5(13) . . . . ? 
C1 C8 C13 C12 179.6(8) . . . . ? 
C2 C1 C14 C15 10.1(11) . . . . ? 
C8 C1 C14 C15 -116.1(9) . . . . ? 
C2 C1 C14 C19 -167.1(7) . . . . ? 
C8 C1 C14 C19 66.7(10) . . . . ? 
C19 C14 C15 C16 -3.1(12) . . . . ? 
C1 C14 C15 C16 179.7(8) . . . . ? 
C14 C15 C16 C17 0.9(13) . . . . ? 
C15 C16 C17 C18 0.6(12) . . . . ? 
C15 C16 C17 B1 -173.5(8) . . . . ? 
C16 C17 C18 C19 0.2(13) . . . . ? 
B1 C17 C18 C19 174.5(8) . . . . ? 
C17 C18 C19 C14 -2.4(14) . . . . ? 
C15 C14 C19 C18 3.8(13) . . . . ? 
C1 C14 C19 C18 -178.8(8) . . . . ? 
C16 C17 B1 O1 -178.1(8) . . . . ? 
C18 C17 B1 O1 8.0(14) . . . . ? 
C16 C17 B1 O2 2.7(15) . . . . ? 
C18 C17 B1 O2 -171.1(9) . . . . ? 
C3S O1S C1S O2S -0.4(17) . . . . ? 
C3S O1S C1S C2S 178.9(10) . . . . ? 











O1 H1O O2  0.84 1.90 2.711(9) 163.2 2_665 
O5 H5O O2S  0.85 1.85 2.698(9) 179.3 1_655 
O3 H3O O5  0.85 1.95 2.795(8) 179.1 2_756 
O4 H4O O6  0.84 2.08 2.690(8) 129.5 1_545 
O4 H4O Br2  0.84 2.74 3.514(6) 153.2 1_545 
O2 H2O O4  0.84 1.98 2.679(9) 140.3 2_656 
O2 H2O Br1  0.84 3.10 3.745(7) 135.3 2_656 
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O6 H6O O1W  0.84 1.77 2.604(10) 171.4 . 
  
_diffrn_measured_fraction_theta_max    0.993 
_diffrn_reflns_theta_full              24.1 
_diffrn_measured_fraction_theta_full   0.993 
_refine_diff_density_max    0.54 
_refine_diff_density_min   -0.45 
_refine_diff_density_rms    0.109 






Figure B2.  Crystal structure of compound 2.1 
 
Table  B2.  CIF data for compound 2.1 
data_1  
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety     'C19 H14 Cl2 O4, C2 H6 O, H2 O'  
_chemical_formula_sum        'C21 H22 Cl2 O6'  
_chemical_formula_weight          441.3  
  
loop_  
 _atom_type_symbol  
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 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    9.499(2)  
_cell_length_b                    10.891(2)  
_cell_length_c                    11.067(2)  
_cell_angle_alpha                 109.873(6)  
_cell_angle_beta                  112.697(7)  
_cell_angle_gamma                 100.841(12)  
_cell_volume                      923.7(3)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     100 
_cell_measurement_reflns_used     1610 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        22.5 
  
_exptl_crystal_description        blade 
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.30  
_exptl_crystal_size_mid           0.07  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.59  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              444  
_exptl_absorpt_coefficient_mu     0.388  
_exptl_absorpt_correction_type 'multi-scan'  
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_exptl_absorpt_correction_T_min   0.892  
_exptl_absorpt_correction_T_max   0.981  




 ?  
;  
  
_diffrn_ambient_temperature       100 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             3775  
_diffrn_reflns_av_R_equivalents   0.070  
_diffrn_reflns_av_sigmaI/netI     0.111  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -11  
_diffrn_reflns_limit_l_max        11  
_diffrn_reflns_theta_min          3.1 
_diffrn_reflns_theta_max          22.3  
_reflns_number_total              2164  
_reflns_number_gt                 1336  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 






 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0979P)^2^+1.1049P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2164  
_refine_ls_number_parameters      257  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.127  
_refine_ls_R_factor_gt            0.074  
_refine_ls_wR_factor_ref          0.213  
_refine_ls_wR_factor_gt           0.182  
_refine_ls_goodness_of_fit_ref    1.045  
_refine_ls_restrained_S_all       1.045  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
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Cl1 Cl 0.7760(2) 0.8965(2) 0.8151(2) 0.0527(7) Uani 1 1 d . . .  
Cl2 Cl -0.0026(3) 0.3076(2) 0.4283(2) 0.0548(7) Uani 1 1 d . . .  
O1 O 0.5479(6) 1.0448(5) 0.8299(6) 0.0526(15) Uani 1 1 d . . .  
H1O H 0.4707 1.0704 0.8329 0.079 Uiso 1 1 calc R . .  
O2 O 0.1519(6) 0.7800(5) 0.3149(6) 0.0467(14) Uani 1 1 d . . .  
H2O H 0.1131 0.8414 0.3399 0.070 Uiso 1 1 calc R . .  
O3 O -0.2199(6) 0.1372(5) 0.1077(6) 0.0509(15) Uani 1 1 d . . .  
H3O H -0.1886 0.0877 0.1484 0.076 Uiso 1 1 calc R . .  
O4 O 0.0968(6) 0.4076(6) -0.0247(6) 0.0468(14) Uani 1 1 d . . .  
H4O H 0.0142 0.3565 -0.1082 0.070 Uiso 1 1 calc R . .  
C1 C 0.3213(8) 0.6016(7) 0.2607(8) 0.0341(18) Uani 1 1 d . . .  
H1A H 0.2744 0.6375 0.1881 0.041 Uiso 1 1 calc R . .  
C2 C 0.3896(8) 0.7238(7) 0.4120(7) 0.0313(17) Uani 1 1 d . . .  
C3 C 0.5354(8) 0.7549(7) 0.5303(8) 0.0322(18) Uani 1 1 d . . .  
H3 H 0.6014 0.7014 0.5175 0.039 Uiso 1 1 calc R . .  
C4 C 0.5891(9) 0.8619(8) 0.6677(9) 0.042(2) Uani 1 1 d . . .  
C5 C 0.4938(9) 0.9418(8) 0.6908(9) 0.043(2) Uani 1 1 d . . .  
C6 C 0.3490(9) 0.9147(8) 0.5703(9) 0.043(2) Uani 1 1 d . . .  
H6 H 0.2848 0.9704 0.5819 0.052 Uiso 1 1 calc R . .  
C7 C 0.2975(9) 0.8073(7) 0.4340(8) 0.0375(19) Uani 1 1 d . . .  
C8 C 0.1815(8) 0.4784(7) 0.2241(7) 0.0301(17) Uani 1 1 d . . .  
C9 C 0.1559(8) 0.4524(7) 0.3308(8) 0.0336(18) Uani 1 1 d . . .  
H9 H 0.2292 0.5148 0.4319 0.040 Uiso 1 1 calc R . .  
C10 C 0.0255(9) 0.3370(7) 0.2921(8) 0.0350(18) Uani 1 1 d . . .  
C11 C -0.0851(8) 0.2470(7) 0.1459(9) 0.0372(19) Uani 1 1 d . . .  
C12 C -0.0614(8) 0.2700(7) 0.0400(8) 0.0346(18) Uani 1 1 d . . .  
H12 H -0.1356 0.2072 -0.0608 0.041 Uiso 1 1 calc R . .  
C13 C 0.0690(8) 0.3832(7) 0.0776(8) 0.0335(18) Uani 1 1 d . . .  
C14 C 0.4565(8) 0.5583(7) 0.2372(7) 0.0334(18) Uani 1 1 d . . .  
C15 C 0.4886(10) 0.4438(8) 0.2499(9) 0.045(2) Uani 1 1 d . . .  
H15 H 0.4258 0.3893 0.2757 0.054 Uiso 1 1 calc R . .  
C16 C 0.6102(10) 0.4063(9) 0.2260(9) 0.050(2) Uani 1 1 d . . .  
H16 H 0.6296 0.3267 0.2354 0.060 Uiso 1 1 calc R . .  
C17 C 0.7024(10) 0.4825(9) 0.1891(10) 0.053(2) Uani 1 1 d . . .  
H17 H 0.7858 0.4565 0.1725 0.064 Uiso 1 1 calc R . .  
C18 C 0.6732(13) 0.5974(11) 0.1762(13) 0.084(4) Uani 1 1 d . . .  
H18 H 0.7359 0.6513 0.1499 0.101 Uiso 1 1 calc R . .  
C19 C 0.5500(12) 0.6347(11) 0.2020(13) 0.075(3) Uani 1 1 d . . .  
H19 H 0.5317 0.7153 0.1947 0.090 Uiso 1 1 calc R . .  
O1W O 0.2981(8) 0.1062(7) 0.8707(7) 0.0703(19) Uani 1 1 d . . .  
O1S O -0.0162(12) 0.0182(10) 0.6316(13) 0.132(4) Uani 1 1 d . . .  
C1S C 0.068(3) 0.127(2) 0.624(2) 0.172(7) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
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 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cl1 0.0379(11) 0.0399(12) 0.0469(13) 0.0043(10) 0.0031(10) 0.0151(9)  
Cl2 0.0639(14) 0.0538(14) 0.0545(14) 0.0287(11) 0.0345(12) 0.0175(11)  
O1 0.039(3) 0.041(3) 0.043(3) -0.005(3) 0.010(3) 0.015(3)  
O2 0.038(3) 0.047(3) 0.044(3) 0.012(3) 0.013(3) 0.026(3)  
O3 0.054(3) 0.040(3) 0.065(4) 0.023(3) 0.035(3) 0.018(3)  
O4 0.037(3) 0.053(4) 0.041(3) 0.017(3) 0.015(3) 0.015(3)  
C1 0.031(4) 0.030(4) 0.038(5) 0.014(4) 0.015(4) 0.012(3)  
C2 0.032(4) 0.026(4) 0.029(4) 0.008(3) 0.014(4) 0.006(3)  
C3 0.025(4) 0.026(4) 0.039(5) 0.012(4) 0.011(4) 0.010(3)  
C4 0.029(4) 0.033(5) 0.052(5) 0.016(4) 0.011(4) 0.008(4)  
C5 0.037(5) 0.031(5) 0.047(5) 0.010(4) 0.015(4) 0.010(4)  
C6 0.034(4) 0.031(4) 0.055(5) 0.010(4) 0.018(4) 0.014(3)  
C7 0.025(4) 0.032(5) 0.037(5) 0.006(4) 0.008(4) 0.007(3)  
C8 0.030(4) 0.029(4) 0.026(4) 0.010(3) 0.009(4) 0.013(3)  
C9 0.033(4) 0.019(4) 0.031(4) 0.000(3) 0.010(4) 0.010(3)  
C10 0.035(4) 0.030(4) 0.035(5) 0.012(4) 0.016(4) 0.010(4)  
C11 0.028(4) 0.025(4) 0.058(6) 0.014(4) 0.025(4) 0.010(3)  
C12 0.024(4) 0.033(4) 0.030(4) 0.006(4) 0.005(4) 0.011(3)  
C13 0.030(4) 0.041(5) 0.040(5) 0.023(4) 0.021(4) 0.017(4)  
C14 0.029(4) 0.033(4) 0.028(4) 0.008(3) 0.008(4) 0.014(3)  
C15 0.046(5) 0.037(5) 0.058(5) 0.024(4) 0.027(4) 0.017(4)  
C16 0.049(5) 0.054(5) 0.063(6) 0.033(5) 0.031(5) 0.035(4)  
C17 0.055(6) 0.060(6) 0.073(6) 0.037(5) 0.045(5) 0.034(5)  
C18 0.100(8) 0.109(9) 0.154(11) 0.101(9) 0.109(9) 0.076(7)  
C19 0.090(7) 0.089(7) 0.140(10) 0.093(8) 0.092(8) 0.066(6)  
O1W 0.090(5) 0.080(5) 0.091(5) 0.057(4) 0.064(4) 0.054(4)  
O1S 0.114(7) 0.092(7) 0.199(11) 0.058(7) 0.088(8) 0.050(6)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
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 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Cl1 C4 1.747(8) . ?  
Cl2 C10 1.747(7) . ?  
O1 C5 1.375(9) . ?  
O1 H1O 0.8400 . ?  
O2 C7 1.382(8) . ?  
O2 H2O 0.8400 . ?  
O3 C11 1.382(8) . ?  
O3 H3O 0.8400 . ?  
O4 C13 1.354(8) . ?  
O4 H4O 0.8400 . ?  
C1 C8 1.508(9) . ?  
C1 C2 1.522(10) . ?  
C1 C14 1.530(10) . ?  
C1 H1A 1.0000 . ?  
C2 C3 1.367(9) . ?  
C2 C7 1.401(10) . ?  
C3 C4 1.380(10) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.402(11) . ?  
C5 C6 1.385(10) . ?  
C6 C7 1.378(10) . ?  
C6 H6 0.9500 . ?  
C8 C13 1.396(10) . ?  
C8 C9 1.399(10) . ?  
C9 C10 1.391(10) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.380(10) . ?  
C11 C12 1.367(10) . ?  
C12 C13 1.381(10) . ?  
C12 H12 0.9500 . ?  
C14 C19 1.357(11) . ?  
C14 C15 1.377(10) . ?  
C15 C16 1.382(11) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.362(11) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.373(11) . ?  
C17 H17 0.9500 . ?  
C18 C19 1.406(12) . ?  
C18 H18 0.9500 . ?  
C19 H19 0.9500 . ?  





 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C5 O1 H1O 109.5 . . ?  
C7 O2 H2O 109.5 . . ?  
C11 O3 H3O 109.5 . . ?  
C13 O4 H4O 109.5 . . ?  
C8 C1 C2 113.7(6) . . ?  
C8 C1 C14 112.3(6) . . ?  
C2 C1 C14 112.0(6) . . ?  
C8 C1 H1A 106.0 . . ?  
C2 C1 H1A 106.0 . . ?  
C14 C1 H1A 106.0 . . ?  
C3 C2 C7 117.6(6) . . ?  
C3 C2 C1 123.4(7) . . ?  
C7 C2 C1 119.0(6) . . ?  
C2 C3 C4 121.7(7) . . ?  
C2 C3 H3 119.1 . . ?  
C4 C3 H3 119.1 . . ?  
C3 C4 C5 120.6(7) . . ?  
C3 C4 Cl1 119.7(6) . . ?  
C5 C4 Cl1 119.6(6) . . ?  
O1 C5 C6 122.6(7) . . ?  
O1 C5 C4 119.3(7) . . ?  
C6 C5 C4 118.0(7) . . ?  
C7 C6 C5 120.4(7) . . ?  
C7 C6 H6 119.8 . . ?  
C5 C6 H6 119.8 . . ?  
C6 C7 O2 120.0(7) . . ?  
C6 C7 C2 121.6(7) . . ?  
O2 C7 C2 118.5(6) . . ?  
C13 C8 C9 116.5(6) . . ?  
C13 C8 C1 120.2(6) . . ?  
C9 C8 C1 123.3(6) . . ?  
C10 C9 C8 121.4(7) . . ?  
C10 C9 H9 119.3 . . ?  
C8 C9 H9 119.3 . . ?  
C11 C10 C9 120.3(7) . . ?  
C11 C10 Cl2 119.4(5) . . ?  
C9 C10 Cl2 120.2(6) . . ?  
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C12 C11 C10 119.1(6) . . ?  
C12 C11 O3 120.6(7) . . ?  
C10 C11 O3 120.3(7) . . ?  
C11 C12 C13 120.9(7) . . ?  
C11 C12 H12 119.6 . . ?  
C13 C12 H12 119.6 . . ?  
O4 C13 C12 122.2(7) . . ?  
O4 C13 C8 116.0(6) . . ?  
C12 C13 C8 121.8(7) . . ?  
C19 C14 C15 117.7(7) . . ?  
C19 C14 C1 119.4(6) . . ?  
C15 C14 C1 122.9(7) . . ?  
C14 C15 C16 121.5(7) . . ?  
C14 C15 H15 119.3 . . ?  
C16 C15 H15 119.3 . . ?  
C17 C16 C15 120.6(7) . . ?  
C17 C16 H16 119.7 . . ?  
C15 C16 H16 119.7 . . ?  
C16 C17 C18 119.1(8) . . ?  
C16 C17 H17 120.5 . . ?  
C18 C17 H17 120.5 . . ?  
C17 C18 C19 119.6(8) . . ?  
C17 C18 H18 120.2 . . ?  
C19 C18 H18 120.2 . . ?  
C14 C19 C18 121.5(8) . . ?  
C14 C19 H19 119.2 . . ?  
C18 C19 H19 119.2 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C8 C1 C2 C3 104.8(8) . . . . ?  
C14 C1 C2 C3 -23.9(9) . . . . ?  
C8 C1 C2 C7 -73.3(8) . . . . ?  
C14 C1 C2 C7 158.0(6) . . . . ?  
C7 C2 C3 C4 1.7(10) . . . . ?  
C1 C2 C3 C4 -176.4(6) . . . . ?  
C2 C3 C4 C5 0.8(11) . . . . ?  
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C2 C3 C4 Cl1 179.8(5) . . . . ?  
C3 C4 C5 O1 177.9(7) . . . . ?  
Cl1 C4 C5 O1 -1.1(10) . . . . ?  
C3 C4 C5 C6 -3.2(11) . . . . ?  
Cl1 C4 C5 C6 177.8(6) . . . . ?  
O1 C5 C6 C7 -177.9(7) . . . . ?  
C4 C5 C6 C7 3.2(11) . . . . ?  
C5 C6 C7 O2 179.2(7) . . . . ?  
C5 C6 C7 C2 -0.8(11) . . . . ?  
C3 C2 C7 C6 -1.7(10) . . . . ?  
C1 C2 C7 C6 176.5(7) . . . . ?  
C3 C2 C7 O2 178.3(6) . . . . ?  
C1 C2 C7 O2 -3.5(10) . . . . ?  
C2 C1 C8 C13 156.6(7) . . . . ?  
C14 C1 C8 C13 -74.8(8) . . . . ?  
C2 C1 C8 C9 -23.3(9) . . . . ?  
C14 C1 C8 C9 105.3(8) . . . . ?  
C13 C8 C9 C10 0.4(10) . . . . ?  
C1 C8 C9 C10 -179.8(6) . . . . ?  
C8 C9 C10 C11 -1.8(11) . . . . ?  
C8 C9 C10 Cl2 179.9(5) . . . . ?  
C9 C10 C11 C12 2.3(10) . . . . ?  
Cl2 C10 C11 C12 -179.4(5) . . . . ?  
C9 C10 C11 O3 -176.2(6) . . . . ?  
Cl2 C10 C11 O3 2.1(9) . . . . ?  
C10 C11 C12 C13 -1.4(10) . . . . ?  
O3 C11 C12 C13 177.1(6) . . . . ?  
C11 C12 C13 O4 179.1(7) . . . . ?  
C11 C12 C13 C8 0.0(10) . . . . ?  
C9 C8 C13 O4 -178.6(6) . . . . ?  
C1 C8 C13 O4 1.5(10) . . . . ?  
C9 C8 C13 C12 0.5(10) . . . . ?  
C1 C8 C13 C12 -179.4(6) . . . . ?  
C8 C1 C14 C19 151.4(8) . . . . ?  
C2 C1 C14 C19 -79.1(9) . . . . ?  
C8 C1 C14 C15 -28.5(10) . . . . ?  
C2 C1 C14 C15 101.0(8) . . . . ?  
C19 C14 C15 C16 -0.8(12) . . . . ?  
C1 C14 C15 C16 179.1(7) . . . . ?  
C14 C15 C16 C17 0.1(13) . . . . ?  
C15 C16 C17 C18 0.1(14) . . . . ?  
C16 C17 C18 C19 0.4(17) . . . . ?  
C15 C14 C19 C18 1.3(15) . . . . ?  
C1 C14 C19 C18 -178.6(10) . . . . ?  




_diffrn_measured_fraction_theta_max    0.917  
_diffrn_reflns_theta_full              22.3  
_diffrn_measured_fraction_theta_full   0.917  
_refine_diff_density_max    0.39  
_refine_diff_density_min   -0.40  
_refine_diff_density_rms    0.081  






Figure B3.  Crystal structure of compound 2.2 
 
Table  B3.  CIF data for compound 2.2 
data_2 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety     'C23 H22 Cl2 O4'  
_chemical_formula_sum        'C23 H22 Cl2 O4'  
_chemical_formula_weight          433.31  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
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 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    9.380(2)  
_cell_length_b                    9.968(2)  
_cell_length_c                    11.335(3)  
_cell_angle_alpha                 87.201(8)  
_cell_angle_beta                  81.854(9)  
_cell_angle_gamma                 80.257(7)  
_cell_volume                      1033.7(4)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     105 
_cell_measurement_reflns_used     7702 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        33.7 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.47  
_exptl_crystal_size_mid           0.26  
_exptl_crystal_size_min           0.18  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.392  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              452  
_exptl_absorpt_coefficient_mu     0.341  
_exptl_absorpt_correction_type 'multi-scan'  
_exptl_absorpt_correction_T_min   0.825  
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_exptl_absorpt_correction_T_max   0.940  




 ?  
;  
  
_diffrn_ambient_temperature       105 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             34887 
_diffrn_reflns_av_R_equivalents   0.042  
_diffrn_reflns_av_sigmaI/netI     0.0715  
_diffrn_reflns_limit_h_min        -14  
_diffrn_reflns_limit_h_max        14  
_diffrn_reflns_limit_k_min        -15  
_diffrn_reflns_limit_k_max        15  
_diffrn_reflns_limit_l_min        -17  
_diffrn_reflns_limit_l_max        17  
_diffrn_reflns_theta_min          2.6  
_diffrn_reflns_theta_max          33.7  
_reflns_number_total              8188  
_reflns_number_gt                 5093  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
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 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0597P)^2^+0.1185P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          8188  
_refine_ls_number_parameters      266  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.102  
_refine_ls_R_factor_gt            0.049  
_refine_ls_wR_factor_ref          0.134  
_refine_ls_wR_factor_gt           0.1148  
_refine_ls_goodness_of_fit_ref    1.049  
_refine_ls_restrained_S_all       1.049  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Cl1 Cl 0.58091(5) 0.65710(4) 0.55176(4) 0.03189(11) Uani 1 1 d . . .  
 251 
 
Cl2 Cl 0.58690(5) 0.01365(4) 0.74012(3) 0.02941(11) Uani 1 1 d . . .  
O3 O 0.66637(12) 0.07296(11) 0.96646(9) 0.0252(2) Uani 1 1 d . . .  
O2 O -0.00514(12) 0.68599(10) 0.82072(11) 0.0274(3) Uani 1 1 d . . .  
C1 C 0.17834(16) 0.43874(13) 0.82814(12) 0.0174(3) Uani 1 1 d . . .  
H1 H 0.1158 0.4740 0.9026 0.021 Uiso 1 1 calc R . .  
C8 C 0.30805(16) 0.34113(13) 0.86646(12) 0.0178(3) Uani 1 1 d . . .  
C3 C 0.36376(17) 0.55662(14) 0.69328(12) 0.0202(3) Uani 1 1 d . . .  
H3 H 0.4315 0.4742 0.6931 0.024 Uiso 1 1 calc R . .  
C7 C 0.12796(17) 0.68468(14) 0.75455(13) 0.0204(3) Uani 1 1 d . . .  
C2 C 0.22629(16) 0.56158(13) 0.75790(13) 0.0185(3) Uani 1 1 d . . .  
O4 O 0.28383(13) 0.46618(10) 1.04045(10) 0.0262(2) Uani 1 1 d . . .  
O1 O 0.35732(14) 0.89443(10) 0.55836(10) 0.0300(3) Uani 1 1 d . . .  
C10 C 0.50083(17) 0.14726(14) 0.83092(13) 0.0214(3) Uani 1 1 d . . .  
C13 C 0.35937(16) 0.35948(14) 0.97417(13) 0.0202(3) Uani 1 1 d . . .  
C6 C 0.16762(18) 0.79714(14) 0.68730(13) 0.0224(3) Uani 1 1 d . . .  
H6 H 0.0990 0.8787 0.6844 0.027 Uiso 1 1 calc R . .  
C19 C 0.07572(18) 0.38428(14) 0.64073(13) 0.0232(3) Uani 1 1 d . . .  
H19 H 0.1298 0.4462 0.5956 0.028 Uiso 1 1 calc R . .  
C15 C 0.00704(17) 0.27018(15) 0.82582(14) 0.0240(3) Uani 1 1 d . . .  
H15 H 0.0134 0.2539 0.9083 0.029 Uiso 1 1 calc R . .  
C11 C 0.55002(16) 0.16504(14) 0.93863(13) 0.0201(3) Uani 1 1 d . . .  
C18 C -0.0120(2) 0.31499(16) 0.58482(15) 0.0293(4) Uani 1 1 d . . .  
H18 H -0.0180 0.3304 0.5022 0.035 Uiso 1 1 calc R . .  
C20 C 0.2624(2) 1.02223(15) 0.55962(15) 0.0336(4) Uani 1 1 d . . .  
H20A H 0.1771 1.0138 0.5212 0.050 Uiso 1 1 calc R . .  
H20B H 0.3144 1.0909 0.5163 0.050 Uiso 1 1 calc R . .  
H20C H 0.2303 1.0498 0.6422 0.050 Uiso 1 1 calc R . .  
C4 C 0.40531(17) 0.66915(15) 0.62868(13) 0.0222(3) Uani 1 1 d . . .  
C9 C 0.38181(16) 0.23428(14) 0.79615(12) 0.0195(3) Uani 1 1 d . . .  
H9 H 0.3499 0.2205 0.7224 0.023 Uiso 1 1 calc R . .  
C14 C 0.08515(16) 0.36391(13) 0.76206(13) 0.0187(3) Uani 1 1 d . . .  
C5 C 0.30776(18) 0.78984(14) 0.62445(13) 0.0225(3) Uani 1 1 d . . .  
C12 C 0.47889(16) 0.27234(14) 1.00958(13) 0.0209(3) Uani 1 1 d . . .  
H12 H 0.5120 0.2864 1.0827 0.025 Uiso 1 1 calc R . .  
C22 C 0.72987(19) 0.10025(18) 1.06852(14) 0.0309(4) Uani 1 1 d . . .  
H22A H 0.7603 0.1899 1.0583 0.046 Uiso 1 1 calc R . .  
H22B H 0.8150 0.0303 1.0772 0.046 Uiso 1 1 calc R . .  
H22C H 0.6578 0.0992 1.1400 0.046 Uiso 1 1 calc R . .  
C16 C -0.08014(18) 0.20016(15) 0.77002(16) 0.0279(3) Uani 1 1 d . . .  
H16 H -0.1324 0.1364 0.8145 0.033 Uiso 1 1 calc R . .  
C21 C -0.1067(2) 0.80953(17) 0.82233(19) 0.0401(5) Uani 1 1 d . . .  
H21A H -0.0631 0.8831 0.8498 0.060 Uiso 1 1 calc R . .  
H21B H -0.1953 0.7986 0.8765 0.060 Uiso 1 1 calc R . .  
H21C H -0.1315 0.8321 0.7418 0.060 Uiso 1 1 calc R . .  
C17 C -0.0909(2) 0.22312(15) 0.64988(16) 0.0307(4) Uani 1 1 d . . .  
H17 H -0.1517 0.1765 0.6121 0.037 Uiso 1 1 calc R . .  
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C23 C 0.3201(2) 0.47674(17) 1.15790(15) 0.0323(4) Uani 1 1 d . . .  
H23A H 0.3156 0.3900 1.2017 0.048 Uiso 1 1 calc R . .  
H23B H 0.2505 0.5491 1.2000 0.048 Uiso 1 1 calc R . .  
H23C H 0.4190 0.4983 1.1523 0.048 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cl1 0.0295(2) 0.0304(2) 0.0331(2) 0.00128(16) 0.00852(16) -0.00870(16)  
Cl2 0.0288(2) 0.02898(19) 0.02694(19) -0.00685(15) -0.00543(15) 0.00834(15)  
O3 0.0223(6) 0.0277(5) 0.0242(5) 0.0006(4) -0.0080(4) 0.0033(4)  
O2 0.0190(6) 0.0188(5) 0.0408(7) 0.0065(4) 0.0027(5) -0.0006(4)  
C1 0.0167(7) 0.0156(6) 0.0195(6) 0.0016(5) -0.0027(5) -0.0021(5)  
C8 0.0165(7) 0.0180(6) 0.0191(6) 0.0030(5) -0.0035(5) -0.0033(5)  
C3 0.0216(8) 0.0194(6) 0.0199(7) -0.0001(5) -0.0029(6) -0.0043(5)  
C7 0.0203(7) 0.0186(6) 0.0229(7) -0.0006(5) -0.0029(6) -0.0047(5)  
C2 0.0204(7) 0.0146(6) 0.0216(7) 0.0012(5) -0.0052(5) -0.0044(5)  
O4 0.0274(6) 0.0253(5) 0.0251(5) -0.0061(4) -0.0071(5) 0.0028(4)  
O1 0.0407(7) 0.0182(5) 0.0291(6) 0.0032(4) 0.0064(5) -0.0095(5)  
C10 0.0210(8) 0.0189(6) 0.0222(7) -0.0013(5) -0.0009(6) 0.0009(5)  
C13 0.0200(7) 0.0189(6) 0.0210(7) 0.0005(5) -0.0018(6) -0.0020(5)  
C6 0.0266(8) 0.0164(6) 0.0246(7) 0.0006(5) -0.0040(6) -0.0043(5)  
C19 0.0270(8) 0.0177(6) 0.0251(7) 0.0020(5) -0.0043(6) -0.0045(6)  
C15 0.0219(8) 0.0217(7) 0.0280(8) 0.0031(6) -0.0016(6) -0.0049(6)  
C11 0.0158(7) 0.0227(7) 0.0212(7) 0.0044(5) -0.0035(5) -0.0026(5)  
C18 0.0366(10) 0.0245(7) 0.0286(8) -0.0026(6) -0.0116(7) -0.0038(6)  
C20 0.0539(12) 0.0157(7) 0.0292(8) 0.0002(6) 0.0033(8) -0.0076(7)  
C4 0.0219(8) 0.0241(7) 0.0207(7) -0.0011(5) 0.0010(6) -0.0068(6)  
C9 0.0198(7) 0.0209(6) 0.0179(7) 0.0010(5) -0.0040(5) -0.0026(5)  
C14 0.0162(7) 0.0152(6) 0.0245(7) -0.0002(5) -0.0039(5) -0.0011(5)  
C5 0.0322(9) 0.0178(6) 0.0190(7) -0.0009(5) -0.0015(6) -0.0101(6)  
C12 0.0192(7) 0.0249(7) 0.0188(7) 0.0018(5) -0.0042(5) -0.0038(6)  
C22 0.0265(9) 0.0407(9) 0.0255(8) 0.0007(7) -0.0124(7) 0.0011(7)  
C16 0.0243(8) 0.0200(7) 0.0397(9) 0.0000(6) -0.0017(7) -0.0072(6)  
C21 0.0272(10) 0.0239(8) 0.0613(12) 0.0098(8) 0.0070(9) 0.0043(7)  
C17 0.0296(9) 0.0223(7) 0.0427(10) -0.0071(7) -0.0100(7) -0.0050(6)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
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 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Cl1 C4 1.7389(16) . ?  
Cl2 C10 1.7377(15) . ?  
O3 C11 1.3651(17) . ?  
O3 C22 1.4310(19) . ?  
O2 C7 1.3608(18) . ?  
O2 C21 1.4225(19) . ?  
C1 C8 1.5243(19) . ?  
C1 C2 1.5248(19) . ?  
C1 C14 1.530(2) . ?  
C1 H1 1.0000 . ?  
C8 C9 1.388(2) . ?  
C8 C13 1.405(2) . ?  
C3 C2 1.384(2) . ?  
C3 C4 1.390(2) . ?  
C3 H3 0.9500 . ?  
C7 C6 1.398(2) . ?  
C7 C2 1.407(2) . ?  
O4 C13 1.3675(17) . ?  
O4 C23 1.4329(19) . ?  
O1 C5 1.3613(17) . ?  
O1 C20 1.4250(19) . ?  
C10 C9 1.385(2) . ?  
C10 C11 1.394(2) . ?  
C13 C12 1.392(2) . ?  
C6 C5 1.396(2) . ?  
C6 H6 0.9500 . ?  
C19 C18 1.392(2) . ?  
C19 C14 1.393(2) . ?  
C19 H19 0.9500 . ?  
C15 C16 1.392(2) . ?  
C15 C14 1.396(2) . ?  
C15 H15 0.9500 . ?  
C11 C12 1.388(2) . ?  
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C18 C17 1.393(2) . ?  
C18 H18 0.9500 . ?  
C20 H20A 0.9800 . ?  
C20 H20B 0.9800 . ?  
C20 H20C 0.9800 . ?  
C4 C5 1.386(2) . ?  
C9 H9 0.9500 . ?  
C12 H12 0.9500 . ?  
C22 H22A 0.9800 . ?  
C22 H22B 0.9800 . ?  
C22 H22C 0.9800 . ?  
C16 C17 1.385(2) . ?  
C16 H16 0.9500 . ?  
C21 H21A 0.9800 . ?  
C21 H21B 0.9800 . ?  
C21 H21C 0.9800 . ?  
C17 H17 0.9500 . ?  
C23 H23A 0.9800 . ?  
C23 H23B 0.9800 . ?  
C23 H23C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C11 O3 C22 116.81(12) . . ?  
C7 O2 C21 117.61(12) . . ?  
C8 C1 C2 111.65(12) . . ?  
C8 C1 C14 111.00(11) . . ?  
C2 C1 C14 113.03(11) . . ?  
C8 C1 H1 106.9 . . ?  
C2 C1 H1 106.9 . . ?  
C14 C1 H1 106.9 . . ?  
C9 C8 C13 117.67(13) . . ?  
C9 C8 C1 121.95(12) . . ?  
C13 C8 C1 120.36(12) . . ?  
C2 C3 C4 121.74(13) . . ?  
C2 C3 H3 119.1 . . ?  
C4 C3 H3 119.1 . . ?  
O2 C7 C6 123.24(13) . . ?  
O2 C7 C2 115.73(12) . . ?  
C6 C7 C2 121.02(14) . . ?  
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C3 C2 C7 117.57(13) . . ?  
C3 C2 C1 122.43(12) . . ?  
C7 C2 C1 119.97(13) . . ?  
C13 O4 C23 117.19(12) . . ?  
C5 O1 C20 117.51(13) . . ?  
C9 C10 C11 120.47(13) . . ?  
C9 C10 Cl2 119.39(11) . . ?  
C11 C10 Cl2 120.13(11) . . ?  
O4 C13 C12 123.23(13) . . ?  
O4 C13 C8 115.73(12) . . ?  
C12 C13 C8 121.04(13) . . ?  
C5 C6 C7 120.14(13) . . ?  
C5 C6 H6 119.9 . . ?  
C7 C6 H6 119.9 . . ?  
C18 C19 C14 120.84(14) . . ?  
C18 C19 H19 119.6 . . ?  
C14 C19 H19 119.6 . . ?  
C16 C15 C14 120.84(15) . . ?  
C16 C15 H15 119.6 . . ?  
C14 C15 H15 119.6 . . ?  
O3 C11 C12 124.75(13) . . ?  
O3 C11 C10 116.35(13) . . ?  
C12 C11 C10 118.90(13) . . ?  
C19 C18 C17 120.09(15) . . ?  
C19 C18 H18 120.0 . . ?  
C17 C18 H18 120.0 . . ?  
O1 C20 H20A 109.5 . . ?  
O1 C20 H20B 109.5 . . ?  
H20A C20 H20B 109.5 . . ?  
O1 C20 H20C 109.5 . . ?  
H20A C20 H20C 109.5 . . ?  
H20B C20 H20C 109.5 . . ?  
C5 C4 C3 120.57(14) . . ?  
C5 C4 Cl1 120.00(12) . . ?  
C3 C4 Cl1 119.43(12) . . ?  
C10 C9 C8 121.55(13) . . ?  
C10 C9 H9 119.2 . . ?  
C8 C9 H9 119.2 . . ?  
C19 C14 C15 118.45(14) . . ?  
C19 C14 C1 122.93(13) . . ?  
C15 C14 C1 118.61(13) . . ?  
O1 C5 C4 116.62(14) . . ?  
O1 C5 C6 124.46(14) . . ?  
C4 C5 C6 118.92(13) . . ?  
C11 C12 C13 120.37(13) . . ?  
C11 C12 H12 119.8 . . ?  
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C13 C12 H12 119.8 . . ?  
O3 C22 H22A 109.5 . . ?  
O3 C22 H22B 109.5 . . ?  
H22A C22 H22B 109.5 . . ?  
O3 C22 H22C 109.5 . . ?  
H22A C22 H22C 109.5 . . ?  
H22B C22 H22C 109.5 . . ?  
C17 C16 C15 120.23(15) . . ?  
C17 C16 H16 119.9 . . ?  
C15 C16 H16 119.9 . . ?  
O2 C21 H21A 109.5 . . ?  
O2 C21 H21B 109.5 . . ?  
H21A C21 H21B 109.5 . . ?  
O2 C21 H21C 109.5 . . ?  
H21A C21 H21C 109.5 . . ?  
H21B C21 H21C 109.5 . . ?  
C16 C17 C18 119.53(15) . . ?  
C16 C17 H17 120.2 . . ?  
C18 C17 H17 120.2 . . ?  
O4 C23 H23A 109.5 . . ?  
O4 C23 H23B 109.5 . . ?  
H23A C23 H23B 109.5 . . ?  
O4 C23 H23C 109.5 . . ?  
H23A C23 H23C 109.5 . . ?  
H23B C23 H23C 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C2 C1 C8 C9 -90.63(16) . . . . ?  
C14 C1 C8 C9 36.48(18) . . . . ?  
C2 C1 C8 C13 87.63(16) . . . . ?  
C14 C1 C8 C13 -145.26(14) . . . . ?  
C21 O2 C7 C6 -1.2(2) . . . . ?  
C21 O2 C7 C2 178.43(15) . . . . ?  
C4 C3 C2 C7 1.1(2) . . . . ?  
C4 C3 C2 C1 179.32(13) . . . . ?  
O2 C7 C2 C3 -179.01(12) . . . . ?  
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C6 C7 C2 C3 0.7(2) . . . . ?  
O2 C7 C2 C1 2.7(2) . . . . ?  
C6 C7 C2 C1 -177.66(13) . . . . ?  
C8 C1 C2 C3 26.54(18) . . . . ?  
C14 C1 C2 C3 -99.46(16) . . . . ?  
C8 C1 C2 C7 -155.23(13) . . . . ?  
C14 C1 C2 C7 78.77(16) . . . . ?  
C23 O4 C13 C12 -7.8(2) . . . . ?  
C23 O4 C13 C8 171.61(14) . . . . ?  
C9 C8 C13 O4 179.79(13) . . . . ?  
C1 C8 C13 O4 1.5(2) . . . . ?  
C9 C8 C13 C12 -0.8(2) . . . . ?  
C1 C8 C13 C12 -179.12(13) . . . . ?  
O2 C7 C6 C5 178.00(14) . . . . ?  
C2 C7 C6 C5 -1.6(2) . . . . ?  
C22 O3 C11 C12 -8.3(2) . . . . ?  
C22 O3 C11 C10 172.02(14) . . . . ?  
C9 C10 C11 O3 178.88(13) . . . . ?  
Cl2 C10 C11 O3 -0.08(19) . . . . ?  
C9 C10 C11 C12 -0.8(2) . . . . ?  
Cl2 C10 C11 C12 -179.77(11) . . . . ?  
C14 C19 C18 C17 -0.5(2) . . . . ?  
C2 C3 C4 C5 -1.8(2) . . . . ?  
C2 C3 C4 Cl1 178.74(11) . . . . ?  
C11 C10 C9 C8 0.0(2) . . . . ?  
Cl2 C10 C9 C8 178.99(11) . . . . ?  
C13 C8 C9 C10 0.8(2) . . . . ?  
C1 C8 C9 C10 179.08(13) . . . . ?  
C18 C19 C14 C15 1.4(2) . . . . ?  
C18 C19 C14 C1 -179.21(14) . . . . ?  
C16 C15 C14 C19 -1.0(2) . . . . ?  
C16 C15 C14 C1 179.55(13) . . . . ?  
C8 C1 C14 C19 -111.32(15) . . . . ?  
C2 C1 C14 C19 15.02(19) . . . . ?  
C8 C1 C14 C15 68.10(16) . . . . ?  
C2 C1 C14 C15 -165.55(13) . . . . ?  
C20 O1 C5 C4 -175.67(14) . . . . ?  
C20 O1 C5 C6 4.0(2) . . . . ?  
C3 C4 C5 O1 -179.51(13) . . . . ?  
Cl1 C4 C5 O1 0.0(2) . . . . ?  
C3 C4 C5 C6 0.8(2) . . . . ?  
Cl1 C4 C5 C6 -179.76(11) . . . . ?  
C7 C6 C5 O1 -178.78(13) . . . . ?  
C7 C6 C5 C4 0.9(2) . . . . ?  
O3 C11 C12 C13 -178.87(14) . . . . ?  
C10 C11 C12 C13 0.8(2) . . . . ?  
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O4 C13 C12 C11 179.39(14) . . . . ?  
C8 C13 C12 C11 0.0(2) . . . . ?  
C14 C15 C16 C17 -0.2(2) . . . . ?  
C15 C16 C17 C18 1.1(2) . . . . ?  
C19 C18 C17 C16 -0.7(2) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.990  
_diffrn_reflns_theta_full              33.7  
_diffrn_measured_fraction_theta_full   0.990  
_refine_diff_density_max    0.46  
_refine_diff_density_min   -0.45  
_refine_diff_density_rms    0.070  





Figure B4.  Crystal structure of compound 2.4 
 
Table  B4.  CIF data for compound 2.4 
data_4 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety       'C23 H22 Cl2 O5'  
_chemical_formula_sum          'C23 H22 Cl2 O5'  
_chemical_formula_weight          449.31  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
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 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P 21/c        ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    10.061(2)  
_cell_length_b                    13.094(2)  
_cell_length_c                    15.974(3)  
_cell_angle_alpha                 90 
_cell_angle_beta                  96.235(9)  
_cell_angle_gamma                 90 
_cell_volume                      2091.9(7)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     105 
_cell_measurement_reflns_used     7543 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        32.6 
  
_exptl_crystal_description        fragment 
_exptl_crystal_colour             color 
_exptl_crystal_size_max           0.33  
_exptl_crystal_size_mid           0.30  
_exptl_crystal_size_min           0.27  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.427  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              936  
_exptl_absorpt_coefficient_mu     0.344  
_exptl_absorpt_correction_type 'multi-scan'  
_exptl_absorpt_correction_T_min   0.837  
_exptl_absorpt_correction_T_max   0.911  
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 ?  
;  
  
_diffrn_ambient_temperature       105 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             42165  
_diffrn_reflns_av_R_equivalents   0.033  
_diffrn_reflns_av_sigmaI/netI     0.046  
_diffrn_reflns_limit_h_min        -15  
_diffrn_reflns_limit_h_max        15  
_diffrn_reflns_limit_k_min        -19  
_diffrn_reflns_limit_k_max        18  
_diffrn_reflns_limit_l_min        -24  
_diffrn_reflns_limit_l_max        24  
_diffrn_reflns_theta_min          2.5  
_diffrn_reflns_theta_max          32.6  
_reflns_number_total              7595  
_reflns_number_gt                 5678  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
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 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0363P)^2^+0.9856P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          7595  
_refine_ls_number_parameters      278  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.066  
_refine_ls_R_factor_gt            0.041  
_refine_ls_wR_factor_ref          0.099  
_refine_ls_wR_factor_gt           0.090  
_refine_ls_goodness_of_fit_ref    1.020  
_refine_ls_restrained_S_all       1.020  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Cl1 Cl 0.94555(3) 0.44921(3) 0.38868(2) 0.02296(8) Uani 1 1 d . . .  
Cl2 Cl 1.05544(3) 0.97769(3) 0.63382(2) 0.02507(8) Uani 1 1 d . . .  
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O1 O 0.76640(9) 0.45252(7) 0.23661(6) 0.01914(19) Uani 1 1 d . . .  
O2 O 0.52371(10) 0.75382(7) 0.30905(6) 0.0224(2) Uani 1 1 d . . .  
O3 O 1.03874(10) 0.82274(8) 0.76071(6) 0.0261(2) Uani 1 1 d . . .  
O4 O 0.69063(10) 0.62642(7) 0.59987(6) 0.02053(19) Uani 1 1 d . . .  
O5 O 0.68393(10) 0.86647(7) 0.42147(6) 0.01981(19) Uani 1 1 d . . .  
H5O H 0.6299(19) 0.8620(14) 0.3808(12) 0.030 Uiso 1 1 d . . .  
C1 C 0.66883(13) 0.77158(9) 0.46590(8) 0.0156(2) Uani 1 1 d . . .  
C2 C 0.69370(13) 0.68408(9) 0.40597(7) 0.0156(2) Uani 1 1 d . . .  
C3 C 0.79392(12) 0.61201(10) 0.42340(8) 0.0164(2) Uani 1 1 d . . .  
H3 H 0.8481 0.6145 0.4759 0.020 Uiso 1 1 calc R . .  
C4 C 0.81692(12) 0.53639(9) 0.36595(8) 0.0164(2) Uani 1 1 d . . .  
C5 C 0.73888(13) 0.52987(10) 0.28866(8) 0.0163(2) Uani 1 1 d . . .  
C6 C 0.63879(13) 0.60212(10) 0.26905(8) 0.0170(2) Uani 1 1 d . . .  
H6 H 0.5851 0.5994 0.2164 0.020 Uiso 1 1 calc R . .  
C7 C 0.61775(13) 0.67819(10) 0.32684(8) 0.0171(2) Uani 1 1 d . . .  
C8 C 0.77127(13) 0.77814(9) 0.54430(8) 0.0161(2) Uani 1 1 d . . .  
C9 C 0.86077(13) 0.85978(10) 0.55320(8) 0.0173(2) Uani 1 1 d . . .  
H9 H 0.8619 0.9075 0.5085 0.021 Uiso 1 1 calc R . .  
C10 C 0.94795(13) 0.87288(10) 0.62553(8) 0.0184(2) Uani 1 1 d . . .  
C11 C 0.95002(13) 0.80439(10) 0.69233(8) 0.0192(2) Uani 1 1 d . . .  
C12 C 0.86269(13) 0.72138(10) 0.68442(8) 0.0180(2) Uani 1 1 d . . .  
H12 H 0.8626 0.6736 0.7292 0.022 Uiso 1 1 calc R . .  
C13 C 0.77563(13) 0.70809(10) 0.61131(8) 0.0166(2) Uani 1 1 d . . .  
C14 C 0.52647(13) 0.76829(10) 0.49319(7) 0.0161(2) Uani 1 1 d . . .  
C15 C 0.47312(14) 0.85792(10) 0.52258(8) 0.0191(2) Uani 1 1 d . . .  
H15 H 0.5258 0.9183 0.5267 0.023 Uiso 1 1 calc R . .  
C16 C 0.34392(14) 0.86037(11) 0.54600(8) 0.0234(3) Uani 1 1 d . . .  
H16 H 0.3085 0.9222 0.5653 0.028 Uiso 1 1 calc R . .  
C17 C 0.26689(14) 0.77192(12) 0.54099(9) 0.0256(3) Uani 1 1 d . . .  
H17 H 0.1785 0.7732 0.5567 0.031 Uiso 1 1 calc R . .  
C18 C 0.31957(14) 0.68169(12) 0.51289(9) 0.0241(3) Uani 1 1 d . . .  
H18 H 0.2674 0.6211 0.5099 0.029 Uiso 1 1 calc R . .  
C19 C 0.44889(13) 0.67992(11) 0.48913(8) 0.0199(3) Uani 1 1 d . . .  
H19 H 0.4844 0.6180 0.4700 0.024 Uiso 1 1 calc R . .  
C20 C 0.68876(14) 0.44702(11) 0.15615(8) 0.0209(3) Uani 1 1 d . . .  
H20A H 0.5935 0.4444 0.1640 0.031 Uiso 1 1 calc R . .  
H20B H 0.7133 0.3854 0.1265 0.031 Uiso 1 1 calc R . .  
H20C H 0.7063 0.5075 0.1229 0.031 Uiso 1 1 calc R . .  
C21 C 0.43605(16) 0.74471(12) 0.23214(9) 0.0267(3) Uani 1 1 d . . .  
H21A H 0.4886 0.7479 0.1840 0.040 Uiso 1 1 calc R . .  
H21B H 0.3711 0.8007 0.2284 0.040 Uiso 1 1 calc R . .  
H21C H 0.3887 0.6793 0.2315 0.040 Uiso 1 1 calc R . .  
C22 C 1.04513(17) 0.74958(12) 0.82783(9) 0.0302(3) Uani 1 1 d . . .  
H22A H 0.9582 0.7460 0.8500 0.045 Uiso 1 1 calc R . .  
H22B H 1.1138 0.7704 0.8728 0.045 Uiso 1 1 calc R . .  
H22C H 1.0678 0.6823 0.8065 0.045 Uiso 1 1 calc R . .  
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C23 C 0.68860(17) 0.55459(12) 0.66709(9) 0.0277(3) Uani 1 1 d . . .  
H23A H 0.7769 0.5228 0.6786 0.042 Uiso 1 1 calc R . .  
H23B H 0.6216 0.5018 0.6511 0.042 Uiso 1 1 calc R . .  
H23C H 0.6659 0.5899 0.7177 0.042 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cl1 0.02139(16) 0.02548(16) 0.02122(15) -0.00281(12) -0.00128(11) 0.00958(12)  
Cl2 0.02076(16) 0.02367(16) 0.03053(17) -0.00667(13) 0.00166(12) -0.00596(13)  
O1 0.0216(5) 0.0199(4) 0.0154(4) -0.0051(3) -0.0003(3) 0.0035(4)  
O2 0.0269(5) 0.0236(5) 0.0151(4) -0.0039(4) -0.0054(4) 0.0104(4)  
O3 0.0266(5) 0.0276(5) 0.0217(5) -0.0047(4) -0.0083(4) 0.0013(4)  
O4 0.0237(5) 0.0191(4) 0.0178(4) 0.0024(4) -0.0024(4) -0.0048(4)  
O5 0.0251(5) 0.0169(4) 0.0165(4) 0.0033(3) -0.0016(4) -0.0004(4)  
C1 0.0179(6) 0.0140(5) 0.0145(5) -0.0003(4) 0.0002(4) 0.0011(4)  
C2 0.0172(6) 0.0166(5) 0.0128(5) -0.0006(4) 0.0013(4) 0.0002(4)  
C3 0.0163(6) 0.0184(6) 0.0143(5) 0.0004(4) 0.0004(4) -0.0004(5)  
C4 0.0148(5) 0.0168(5) 0.0176(5) 0.0004(4) 0.0018(4) 0.0025(4)  
C5 0.0169(6) 0.0167(5) 0.0155(5) -0.0012(4) 0.0033(4) -0.0008(5)  
C6 0.0183(6) 0.0195(6) 0.0128(5) -0.0008(4) -0.0006(4) 0.0006(5)  
C7 0.0179(6) 0.0181(6) 0.0150(5) 0.0002(4) 0.0004(4) 0.0029(5)  
C8 0.0166(6) 0.0169(6) 0.0146(5) -0.0034(4) 0.0010(4) 0.0015(4)  
C9 0.0173(6) 0.0171(5) 0.0176(5) -0.0017(5) 0.0026(4) 0.0017(5)  
C10 0.0144(6) 0.0182(6) 0.0225(6) -0.0050(5) 0.0022(5) -0.0005(5)  
C11 0.0175(6) 0.0214(6) 0.0180(6) -0.0065(5) -0.0015(5) 0.0051(5)  
C12 0.0191(6) 0.0191(6) 0.0155(5) -0.0016(5) 0.0008(5) 0.0037(5)  
C13 0.0173(6) 0.0160(5) 0.0165(5) -0.0023(4) 0.0016(4) 0.0011(5)  
C14 0.0174(6) 0.0187(5) 0.0115(5) -0.0007(4) -0.0014(4) 0.0023(5)  
C15 0.0233(6) 0.0195(6) 0.0137(5) -0.0005(5) -0.0009(5) 0.0048(5)  
C16 0.0264(7) 0.0286(7) 0.0151(6) 0.0005(5) 0.0012(5) 0.0111(6)  
C17 0.0187(6) 0.0411(8) 0.0170(6) 0.0013(6) 0.0022(5) 0.0065(6)  
C18 0.0202(6) 0.0311(7) 0.0209(6) 0.0006(6) 0.0010(5) -0.0033(6)  
C19 0.0197(6) 0.0222(6) 0.0175(6) -0.0030(5) 0.0010(5) 0.0006(5)  
C20 0.0241(7) 0.0226(6) 0.0154(5) -0.0040(5) -0.0011(5) 0.0008(5)  
C21 0.0296(7) 0.0302(7) 0.0181(6) -0.0047(5) -0.0078(5) 0.0109(6)  
C22 0.0330(8) 0.0340(8) 0.0207(7) -0.0027(6) -0.0106(6) 0.0080(6)  






 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Cl1 C4 1.7342(13) . ?  
Cl2 C10 1.7434(14) . ?  
O1 C5 1.3578(15) . ?  
O1 C20 1.4315(15) . ?  
O2 C7 1.3778(15) . ?  
O2 C21 1.4374(17) . ?  
O3 C11 1.3549(16) . ?  
O3 C22 1.4341(18) . ?  
O4 C13 1.3691(16) . ?  
O4 C23 1.4292(17) . ?  
O5 C1 1.4471(15) . ?  
O5 H5O 0.803(19) . ?  
C1 C2 1.5309(17) . ?  
C1 C8 1.5355(17) . ?  
C1 C14 1.5424(18) . ?  
C2 C3 1.3870(18) . ?  
C2 C7 1.4064(17) . ?  
C3 C4 1.3865(17) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.3919(18) . ?  
C5 C6 1.3924(18) . ?  
C6 C7 1.3900(18) . ?  
C6 H6 0.9500 . ?  
C8 C9 1.3949(18) . ?  
C8 C13 1.4067(18) . ?  
C9 C10 1.3833(18) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.3923(19) . ?  
C11 C12 1.3947(19) . ?  
C12 C13 1.3926(18) . ?  
C12 H12 0.9500 . ?  
C14 C15 1.3931(17) . ?  
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C14 C19 1.3933(18) . ?  
C15 C16 1.391(2) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.391(2) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.389(2) . ?  
C17 H17 0.9500 . ?  
C18 C19 1.3945(19) . ?  
C18 H18 0.9500 . ?  
C19 H19 0.9500 . ?  
C20 H20A 0.9800 . ?  
C20 H20B 0.9800 . ?  
C20 H20C 0.9800 . ?  
C21 H21A 0.9800 . ?  
C21 H21B 0.9800 . ?  
C21 H21C 0.9800 . ?  
C22 H22A 0.9800 . ?  
C22 H22B 0.9800 . ?  
C22 H22C 0.9800 . ?  
C23 H23A 0.9800 . ?  
C23 H23B 0.9800 . ?  
C23 H23C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C5 O1 C20 117.37(10) . . ?  
C7 O2 C21 117.42(10) . . ?  
C11 O3 C22 117.15(12) . . ?  
C13 O4 C23 118.26(10) . . ?  
C1 O5 H5O 103.7(13) . . ?  
O5 C1 C2 107.63(10) . . ?  
O5 C1 C8 104.77(10) . . ?  
C2 C1 C8 114.28(10) . . ?  
O5 C1 C14 108.22(10) . . ?  
C2 C1 C14 112.07(10) . . ?  
C8 C1 C14 109.43(10) . . ?  
C3 C2 C7 117.09(11) . . ?  
C3 C2 C1 123.25(11) . . ?  
C7 C2 C1 119.56(11) . . ?  
C4 C3 C2 121.53(11) . . ?  
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C4 C3 H3 119.2 . . ?  
C2 C3 H3 119.2 . . ?  
C3 C4 C5 120.82(11) . . ?  
C3 C4 Cl1 120.39(10) . . ?  
C5 C4 Cl1 118.79(10) . . ?  
O1 C5 C4 117.13(11) . . ?  
O1 C5 C6 124.02(11) . . ?  
C4 C5 C6 118.85(11) . . ?  
C7 C6 C5 119.74(11) . . ?  
C7 C6 H6 120.1 . . ?  
C5 C6 H6 120.1 . . ?  
O2 C7 C6 121.93(11) . . ?  
O2 C7 C2 116.10(11) . . ?  
C6 C7 C2 121.95(12) . . ?  
C9 C8 C13 117.11(11) . . ?  
C9 C8 C1 119.65(11) . . ?  
C13 C8 C1 123.15(11) . . ?  
C10 C9 C8 121.60(12) . . ?  
C10 C9 H9 119.2 . . ?  
C8 C9 H9 119.2 . . ?  
C9 C10 C11 121.03(12) . . ?  
C9 C10 Cl2 119.53(10) . . ?  
C11 C10 Cl2 119.43(10) . . ?  
O3 C11 C10 117.21(12) . . ?  
O3 C11 C12 124.38(12) . . ?  
C10 C11 C12 118.41(12) . . ?  
C13 C12 C11 120.40(12) . . ?  
C13 C12 H12 119.8 . . ?  
C11 C12 H12 119.8 . . ?  
O4 C13 C12 122.44(11) . . ?  
O4 C13 C8 116.13(11) . . ?  
C12 C13 C8 121.43(12) . . ?  
C15 C14 C19 118.75(12) . . ?  
C15 C14 C1 118.38(11) . . ?  
C19 C14 C1 122.87(11) . . ?  
C16 C15 C14 121.03(13) . . ?  
C16 C15 H15 119.5 . . ?  
C14 C15 H15 119.5 . . ?  
C17 C16 C15 119.75(13) . . ?  
C17 C16 H16 120.1 . . ?  
C15 C16 H16 120.1 . . ?  
C18 C17 C16 119.80(13) . . ?  
C18 C17 H17 120.1 . . ?  
C16 C17 H17 120.1 . . ?  
C17 C18 C19 120.14(14) . . ?  
C17 C18 H18 119.9 . . ?  
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C19 C18 H18 119.9 . . ?  
C14 C19 C18 120.53(13) . . ?  
C14 C19 H19 119.7 . . ?  
C18 C19 H19 119.7 . . ?  
O1 C20 H20A 109.5 . . ?  
O1 C20 H20B 109.5 . . ?  
H20A C20 H20B 109.5 . . ?  
O1 C20 H20C 109.5 . . ?  
H20A C20 H20C 109.5 . . ?  
H20B C20 H20C 109.5 . . ?  
O2 C21 H21A 109.5 . . ?  
O2 C21 H21B 109.5 . . ?  
H21A C21 H21B 109.5 . . ?  
O2 C21 H21C 109.5 . . ?  
H21A C21 H21C 109.5 . . ?  
H21B C21 H21C 109.5 . . ?  
O3 C22 H22A 109.5 . . ?  
O3 C22 H22B 109.5 . . ?  
H22A C22 H22B 109.5 . . ?  
O3 C22 H22C 109.5 . . ?  
H22A C22 H22C 109.5 . . ?  
H22B C22 H22C 109.5 . . ?  
O4 C23 H23A 109.5 . . ?  
O4 C23 H23B 109.5 . . ?  
H23A C23 H23B 109.5 . . ?  
O4 C23 H23C 109.5 . . ?  
H23A C23 H23C 109.5 . . ?  
H23B C23 H23C 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O5 C1 C2 C3 120.44(13) . . . . ?  
C8 C1 C2 C3 4.54(17) . . . . ?  
C14 C1 C2 C3 -120.68(13) . . . . ?  
O5 C1 C2 C7 -55.68(15) . . . . ?  
C8 C1 C2 C7 -171.59(11) . . . . ?  
C14 C1 C2 C7 63.20(15) . . . . ?  
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C7 C2 C3 C4 -1.03(18) . . . . ?  
C1 C2 C3 C4 -177.24(12) . . . . ?  
C2 C3 C4 C5 -0.52(19) . . . . ?  
C2 C3 C4 Cl1 178.51(10) . . . . ?  
C20 O1 C5 C4 -178.42(11) . . . . ?  
C20 O1 C5 C6 1.29(18) . . . . ?  
C3 C4 C5 O1 -178.88(11) . . . . ?  
Cl1 C4 C5 O1 2.08(16) . . . . ?  
C3 C4 C5 C6 1.40(19) . . . . ?  
Cl1 C4 C5 C6 -177.64(10) . . . . ?  
O1 C5 C6 C7 179.61(12) . . . . ?  
C4 C5 C6 C7 -0.69(19) . . . . ?  
C21 O2 C7 C6 7.36(19) . . . . ?  
C21 O2 C7 C2 -174.33(12) . . . . ?  
C5 C6 C7 O2 177.31(12) . . . . ?  
C5 C6 C7 C2 -0.91(19) . . . . ?  
C3 C2 C7 O2 -176.56(11) . . . . ?  
C1 C2 C7 O2 -0.21(17) . . . . ?  
C3 C2 C7 C6 1.75(19) . . . . ?  
C1 C2 C7 C6 178.11(12) . . . . ?  
O5 C1 C8 C9 -6.37(15) . . . . ?  
C2 C1 C8 C9 111.18(13) . . . . ?  
C14 C1 C8 C9 -122.22(12) . . . . ?  
O5 C1 C8 C13 170.04(11) . . . . ?  
C2 C1 C8 C13 -72.40(15) . . . . ?  
C14 C1 C8 C13 54.19(15) . . . . ?  
C13 C8 C9 C10 -1.52(18) . . . . ?  
C1 C8 C9 C10 175.10(11) . . . . ?  
C8 C9 C10 C11 0.32(19) . . . . ?  
C8 C9 C10 Cl2 -178.83(10) . . . . ?  
C22 O3 C11 C10 -177.17(12) . . . . ?  
C22 O3 C11 C12 2.05(19) . . . . ?  
C9 C10 C11 O3 179.82(12) . . . . ?  
Cl2 C10 C11 O3 -1.03(16) . . . . ?  
C9 C10 C11 C12 0.55(19) . . . . ?  
Cl2 C10 C11 C12 179.70(10) . . . . ?  
O3 C11 C12 C13 -179.37(12) . . . . ?  
C10 C11 C12 C13 -0.16(19) . . . . ?  
C23 O4 C13 C12 2.30(18) . . . . ?  
C23 O4 C13 C8 -178.27(12) . . . . ?  
C11 C12 C13 O4 178.29(12) . . . . ?  
C11 C12 C13 C8 -1.11(19) . . . . ?  
C9 C8 C13 O4 -177.52(11) . . . . ?  
C1 C8 C13 O4 5.98(18) . . . . ?  
C9 C8 C13 C12 1.92(18) . . . . ?  
C1 C8 C13 C12 -174.58(12) . . . . ?  
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O5 C1 C14 C15 -39.81(14) . . . . ?  
C2 C1 C14 C15 -158.34(11) . . . . ?  
C8 C1 C14 C15 73.82(14) . . . . ?  
O5 C1 C14 C19 139.73(12) . . . . ?  
C2 C1 C14 C19 21.19(16) . . . . ?  
C8 C1 C14 C19 -106.64(13) . . . . ?  
C19 C14 C15 C16 -1.27(19) . . . . ?  
C1 C14 C15 C16 178.28(11) . . . . ?  
C14 C15 C16 C17 0.71(19) . . . . ?  
C15 C16 C17 C18 0.2(2) . . . . ?  
C16 C17 C18 C19 -0.5(2) . . . . ?  
C15 C14 C19 C18 0.94(19) . . . . ?  
C1 C14 C19 C18 -178.59(12) . . . . ?  
C17 C18 C19 C14 -0.1(2) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O5 H5O O2  0.803(19) 2.048(19) 2.7149(14) 140.3(18) .  
  
_diffrn_measured_fraction_theta_max    0.999  
_diffrn_reflns_theta_full              32.6  
_diffrn_measured_fraction_theta_full   0.999  
_refine_diff_density_max    0.47  
_refine_diff_density_min   -0.31  
_refine_diff_density_rms    0.062  





Figure B5.  Crystal structure of compound 2.5 
 
Table  B5.  CIF data for compound 2.5 
data_5 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety      'C15 H13 Cl O3'  
_chemical_formula_sum         'C15 H13 Cl O3'  
_chemical_formula_weight          276.70  
  
loop_  
 _atom_type_symbol  
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 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P 21/c        ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    10.553(4)  
_cell_length_b                    14.930(6)  
_cell_length_c                    8.221(3)  
_cell_angle_alpha                 90 
_cell_angle_beta                  96.27(2)  
_cell_angle_gamma                 90 
_cell_volume                      1287.5(9)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     105 
_cell_measurement_reflns_used     3071 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        27.9 
  
_exptl_crystal_description        lath 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.25  
_exptl_crystal_size_mid           0.10  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.427  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              576  
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_exptl_absorpt_coefficient_mu     0.297  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 




 ?  
;  
  
_diffrn_ambient_temperature       105 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             15229 
_diffrn_reflns_av_R_equivalents   0.046  
_diffrn_reflns_av_sigmaI/netI     0.0843  
_diffrn_reflns_limit_h_min        -13  
_diffrn_reflns_limit_h_max        13  
_diffrn_reflns_limit_k_min        -19  
_diffrn_reflns_limit_k_max        19  
_diffrn_reflns_limit_l_min        -10  
_diffrn_reflns_limit_l_max        10  
_diffrn_reflns_theta_min          2.7  
_diffrn_reflns_theta_max          27.9  
_reflns_number_total              3059  
_reflns_number_gt                 1961  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 






 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0492P)^2^] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0064(16)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          3059  
_refine_ls_number_parameters      175  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.096  
_refine_ls_R_factor_gt            0.046  
_refine_ls_wR_factor_ref          0.107  
_refine_ls_wR_factor_gt           0.091  
_refine_ls_goodness_of_fit_ref    0.965  
_refine_ls_restrained_S_all       0.965  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
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 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Cl1 Cl 0.25140(5) 0.24096(4) 0.35284(6) 0.02854(18) Uani 1 1 d . . .  
O1 O 0.10479(13) 0.57743(10) 0.50530(16) 0.0266(4) Uani 1 1 d . . .  
O2 O 0.50612(13) 0.26533(9) 0.50931(17) 0.0263(4) Uani 1 1 d . . .  
O3 O 0.42116(12) 0.54975(10) 0.76163(16) 0.0241(3) Uani 1 1 d . . .  
C1 C 0.25946(18) 0.47134(14) 0.6047(2) 0.0196(5) Uani 1 1 d . . .  
C2 C 0.21978(19) 0.39893(14) 0.5044(2) 0.0199(5) Uani 1 1 d . . .  
H2 H 0.1342 0.3965 0.4549 0.024 Uiso 1 1 calc R . .  
C3 C 0.30303(18) 0.33084(14) 0.4759(2) 0.0202(5) Uani 1 1 d . . .  
C4 C 0.43044(18) 0.33488(13) 0.5452(2) 0.0205(5) Uani 1 1 d . . .  
C5 C 0.47192(19) 0.40739(14) 0.6423(2) 0.0218(5) Uani 1 1 d . . .  
H5 H 0.5584 0.4109 0.6880 0.026 Uiso 1 1 calc R . .  
C6 C 0.38706(19) 0.47494(14) 0.6727(2) 0.0205(5) Uani 1 1 d . . .  
C7 C 0.16396(18) 0.54386(14) 0.6259(2) 0.0197(5) Uani 1 1 d . . .  
C8 C 0.13876(18) 0.57149(13) 0.7944(2) 0.0189(4) Uani 1 1 d . . .  
C9 C 0.17562(18) 0.51906(14) 0.9315(2) 0.0206(5) Uani 1 1 d . . .  
H9 H 0.2213 0.4649 0.9207 0.025 Uiso 1 1 calc R . .  
C10 C 0.14524(18) 0.54629(14) 1.0847(2) 0.0235(5) Uani 1 1 d . . .  
H10 H 0.1701 0.5107 1.1785 0.028 Uiso 1 1 calc R . .  
C11 C 0.07880(19) 0.62536(14) 1.1000(2) 0.0245(5) Uani 1 1 d . . .  
H11 H 0.0589 0.6440 1.2047 0.029 Uiso 1 1 calc R . .  
C12 C 0.04118(19) 0.67738(15) 0.9639(2) 0.0255(5) Uani 1 1 d . . .  
H12 H -0.0048 0.7313 0.9750 0.031 Uiso 1 1 calc R . .  
C13 C 0.07090(19) 0.65049(14) 0.8112(2) 0.0223(5) Uani 1 1 d . . .  
H13 H 0.0449 0.6860 0.7176 0.027 Uiso 1 1 calc R . .  
C14 C 0.6349(2) 0.26351(16) 0.5863(3) 0.0325(5) Uani 1 1 d . . .  
H14A H 0.6813 0.3155 0.5506 0.049 Uiso 1 1 calc R . .  
H14B H 0.6767 0.2084 0.5554 0.049 Uiso 1 1 calc R . .  
H14C H 0.6346 0.2654 0.7054 0.049 Uiso 1 1 calc R . .  
C15 C 0.55167(18) 0.55682(16) 0.8318(3) 0.0267(5) Uani 1 1 d . . .  
H15A H 0.5733 0.5053 0.9033 0.040 Uiso 1 1 calc R . .  
H15B H 0.5631 0.6122 0.8957 0.040 Uiso 1 1 calc R . .  
H15C H 0.6076 0.5578 0.7441 0.040 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cl1 0.0290(3) 0.0259(3) 0.0308(3) -0.0091(2) 0.0035(2) 0.0015(2)  
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O1 0.0291(8) 0.0278(9) 0.0220(7) 0.0015(7) -0.0007(6) 0.0066(7)  
O2 0.0226(8) 0.0243(8) 0.0323(8) -0.0002(7) 0.0045(6) 0.0069(7)  
O3 0.0191(7) 0.0231(8) 0.0292(8) -0.0036(7) -0.0008(6) -0.0007(6)  
C1 0.0200(10) 0.0202(11) 0.0190(10) 0.0013(8) 0.0039(8) -0.0010(9)  
C2 0.0196(10) 0.0229(12) 0.0171(10) 0.0031(9) 0.0026(8) -0.0010(9)  
C3 0.0242(11) 0.0192(11) 0.0178(10) -0.0007(9) 0.0052(8) -0.0005(9)  
C4 0.0224(11) 0.0189(11) 0.0217(10) 0.0056(9) 0.0087(9) 0.0029(9)  
C5 0.0201(11) 0.0231(12) 0.0227(10) 0.0031(9) 0.0040(9) -0.0009(9)  
C6 0.0250(11) 0.0190(11) 0.0175(10) 0.0008(9) 0.0029(8) -0.0016(9)  
C7 0.0172(10) 0.0202(12) 0.0216(10) 0.0012(9) 0.0014(8) -0.0025(9)  
C8 0.0181(10) 0.0193(11) 0.0190(9) -0.0003(9) 0.0004(8) -0.0031(9)  
C9 0.0187(11) 0.0189(11) 0.0241(10) 0.0007(9) 0.0016(8) -0.0010(9)  
C10 0.0200(11) 0.0277(13) 0.0227(10) 0.0045(9) 0.0020(9) 0.0003(9)  
C11 0.0248(11) 0.0283(13) 0.0205(10) -0.0047(10) 0.0033(9) -0.0012(10)  
C12 0.0257(12) 0.0233(12) 0.0276(11) -0.0027(10) 0.0030(9) 0.0026(9)  
C13 0.0247(11) 0.0207(11) 0.0210(10) 0.0014(9) 0.0003(8) -0.0020(9)  
C14 0.0233(12) 0.0326(14) 0.0413(13) 0.0005(11) 0.0021(10) 0.0077(10)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Cl1 C3 1.732(2) . ?  
O1 C7 1.220(2) . ?  
O2 C4 1.362(2) . ?  
O2 C14 1.435(3) . ?  
O3 C6 1.362(2) . ?  
O3 C15 1.438(2) . ?  
C1 C2 1.396(3) . ?  
C1 C6 1.402(3) . ?  
C1 C7 1.502(3) . ?  
C2 C3 1.380(3) . ?  
C2 H2 0.9500 . ?  
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C3 C4 1.403(3) . ?  
C4 C5 1.387(3) . ?  
C5 C6 1.389(3) . ?  
C5 H5 0.9500 . ?  
C7 C8 1.497(3) . ?  
C8 C9 1.393(3) . ?  
C8 C13 1.395(3) . ?  
C9 C10 1.394(3) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.386(3) . ?  
C10 H10 0.9500 . ?  
C11 C12 1.384(3) . ?  
C11 H11 0.9500 . ?  
C12 C13 1.386(3) . ?  
C12 H12 0.9500 . ?  
C13 H13 0.9500 . ?  
C14 H14A 0.9800 . ?  
C14 H14B 0.9800 . ?  
C14 H14C 0.9800 . ?  
C15 H15A 0.9800 . ?  
C15 H15B 0.9800 . ?  
C15 H15C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C4 O2 C14 117.94(16) . . ?  
C6 O3 C15 117.45(15) . . ?  
C2 C1 C6 118.59(18) . . ?  
C2 C1 C7 117.71(18) . . ?  
C6 C1 C7 123.61(18) . . ?  
C3 C2 C1 121.00(19) . . ?  
C3 C2 H2 119.5 . . ?  
C1 C2 H2 119.5 . . ?  
C2 C3 C4 119.95(19) . . ?  
C2 C3 Cl1 120.27(16) . . ?  
C4 C3 Cl1 119.77(15) . . ?  
O2 C4 C5 124.32(18) . . ?  
O2 C4 C3 115.99(18) . . ?  
C5 C4 C3 119.68(18) . . ?  
C4 C5 C6 120.06(19) . . ?  
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C4 C5 H5 120.0 . . ?  
C6 C5 H5 120.0 . . ?  
O3 C6 C5 123.66(18) . . ?  
O3 C6 C1 115.58(17) . . ?  
C5 C6 C1 120.69(19) . . ?  
O1 C7 C8 120.78(18) . . ?  
O1 C7 C1 119.48(17) . . ?  
C8 C7 C1 119.69(17) . . ?  
C9 C8 C13 119.75(18) . . ?  
C9 C8 C7 122.15(18) . . ?  
C13 C8 C7 118.03(18) . . ?  
C8 C9 C10 119.74(19) . . ?  
C8 C9 H9 120.1 . . ?  
C10 C9 H9 120.1 . . ?  
C11 C10 C9 119.95(19) . . ?  
C11 C10 H10 120.0 . . ?  
C9 C10 H10 120.0 . . ?  
C12 C11 C10 120.51(18) . . ?  
C12 C11 H11 119.7 . . ?  
C10 C11 H11 119.7 . . ?  
C11 C12 C13 119.8(2) . . ?  
C11 C12 H12 120.1 . . ?  
C13 C12 H12 120.1 . . ?  
C12 C13 C8 120.27(19) . . ?  
C12 C13 H13 119.9 . . ?  
C8 C13 H13 119.9 . . ?  
O2 C14 H14A 109.5 . . ?  
O2 C14 H14B 109.5 . . ?  
H14A C14 H14B 109.5 . . ?  
O2 C14 H14C 109.5 . . ?  
H14A C14 H14C 109.5 . . ?  
H14B C14 H14C 109.5 . . ?  
O3 C15 H15A 109.5 . . ?  
O3 C15 H15B 109.5 . . ?  
H15A C15 H15B 109.5 . . ?  
O3 C15 H15C 109.5 . . ?  
H15A C15 H15C 109.5 . . ?  
H15B C15 H15C 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
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 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C6 C1 C2 C3 1.8(3) . . . . ?  
C7 C1 C2 C3 178.43(17) . . . . ?  
C1 C2 C3 C4 -1.5(3) . . . . ?  
C1 C2 C3 Cl1 179.30(14) . . . . ?  
C14 O2 C4 C5 4.7(3) . . . . ?  
C14 O2 C4 C3 -175.86(17) . . . . ?  
C2 C3 C4 O2 -179.34(16) . . . . ?  
Cl1 C3 C4 O2 -0.2(2) . . . . ?  
C2 C3 C4 C5 0.1(3) . . . . ?  
Cl1 C3 C4 C5 179.31(14) . . . . ?  
O2 C4 C5 C6 -179.60(16) . . . . ?  
C3 C4 C5 C6 1.0(3) . . . . ?  
C15 O3 C6 C5 -2.2(3) . . . . ?  
C15 O3 C6 C1 -179.15(16) . . . . ?  
C4 C5 C6 O3 -177.55(16) . . . . ?  
C4 C5 C6 C1 -0.7(3) . . . . ?  
C2 C1 C6 O3 176.44(15) . . . . ?  
C7 C1 C6 O3 0.0(3) . . . . ?  
C2 C1 C6 C5 -0.7(3) . . . . ?  
C7 C1 C6 C5 -177.10(17) . . . . ?  
C2 C1 C7 O1 -51.1(3) . . . . ?  
C6 C1 C7 O1 125.4(2) . . . . ?  
C2 C1 C7 C8 126.51(19) . . . . ?  
C6 C1 C7 C8 -57.0(3) . . . . ?  
O1 C7 C8 C9 161.4(2) . . . . ?  
C1 C7 C8 C9 -16.2(3) . . . . ?  
O1 C7 C8 C13 -15.6(3) . . . . ?  
C1 C7 C8 C13 166.81(18) . . . . ?  
C13 C8 C9 C10 -0.5(3) . . . . ?  
C7 C8 C9 C10 -177.45(17) . . . . ?  
C8 C9 C10 C11 -0.1(3) . . . . ?  
C9 C10 C11 C12 0.6(3) . . . . ?  
C10 C11 C12 C13 -0.4(3) . . . . ?  
C11 C12 C13 C8 -0.2(3) . . . . ?  
C9 C8 C13 C12 0.6(3) . . . . ?  
C7 C8 C13 C12 177.72(18) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.998  
_diffrn_reflns_theta_full              27.9  
_diffrn_measured_fraction_theta_full   0.998  
_refine_diff_density_max    0.29  
_refine_diff_density_min   -0.37  
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_refine_diff_density_rms    0.063 






Figure B6.  Crystal structure of compound 2.6 
 
Table  B6.  CIF data for compound 2.6 
data_6 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety       'C8 H8 Br Cl O2'  
_chemical_formula_sum          'C8 H8 Br Cl O2'  
_chemical_formula_weight          251.50  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
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 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P 2/c         ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y, -z+1/2'  
 '-x, -y, -z'  
 'x, -y, z-1/2'  
  
_cell_length_a                    7.722(4)  
_cell_length_b                    7.949(3)  
_cell_length_c                    7.405(3)  
_cell_angle_alpha                 90 
_cell_angle_beta                  91.783(17)  
_cell_angle_gamma                 90 
_cell_volume                      454.3(3)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     105 
_cell_measurement_reflns_used     1317 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        30.5 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.35  
_exptl_crystal_size_mid           0.22  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.839  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              248  
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_exptl_absorpt_coefficient_mu     4.772  
_exptl_absorpt_correction_type 'multi-scan'  
_exptl_absorpt_correction_T_min   0.491  
_exptl_absorpt_correction_T_max   0.788  




 ?  
;  
  
_diffrn_ambient_temperature       105 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             5696 
_diffrn_reflns_av_R_equivalents   0.028  
_diffrn_reflns_av_sigmaI/netI     0.0377  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -9  
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -10  
_diffrn_reflns_limit_l_max        10  
_diffrn_reflns_theta_min          2.5  
_diffrn_reflns_theta_max          30.5  
_reflns_number_total              1383  
_reflns_number_gt                 1188  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 






 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0359P)^2^+0.3207P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.011(3)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          1383  
_refine_ls_number_parameters      53  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.039 
_refine_ls_R_factor_gt            0.030 
_refine_ls_wR_factor_ref          0.076 
_refine_ls_wR_factor_gt           0.073  
_refine_ls_goodness_of_fit_ref    1.047  
_refine_ls_restrained_S_all       1.047  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
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 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Br1 Br 0.30952(3) 0.08489(4) 0.44720(4) 0.02025(12) Uani 0.50 1 d P . .  
Cl1 Cl 0.30952(3) 0.08489(4) 0.44720(4) 0.02025(12) Uani 0.50 1 d P . .  
C3 C 0.1379(2) 0.3785(2) 0.3332(2) 0.0139(3) Uani 1 1 d . . .  
C4 C 0.0000 0.4659(3) 0.2500 0.0138(5) Uani 1 2 d S . .  
H4 H 0.0000 0.5854 0.2500 0.017 Uiso 1 2 d SR . .  
C5 C 0.2934 0.6330(3) 0.3997 0.0183(4) Uani 1 1 d . . .  
H5A H 0.2986 0.6641 0.2719 0.022 Uiso 1 1 d R . .  
H5B H 0.3998 0.6696 0.4637 0.022 Uiso 1 1 d R . .  
H5C H 0.1934 0.6876 0.4530 0.022 Uiso 1 1 d R . .  
O1 O 0.27683(18) 0.45377(19) 0.41514(19) 0.0170(3) Uani 1 1 d . . .  
C1 C 0.0000 0.1158(3) 0.2500 0.0154(5) Uani 1 2 d S . .  
H1 H 0.0000 -0.0037 0.2500 0.019 Uiso 1 2 d SR . .  
C2 C 0.1346(2) 0.2035(2) 0.3350(2) 0.0146(4) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Br1 0.01688(16) 0.01678(18) 0.02664(17) 0.00159(11) -0.00652(10) 0.00207(10)  
Cl1 0.01688(16) 0.01678(18) 0.02664(17) 0.00159(11) -0.00652(10) 0.00207(10)  
C3 0.0136(8) 0.0138(8) 0.0144(8) -0.0008(7) 0.0011(6) -0.0023(7)  
C4 0.0151(11) 0.0093(11) 0.0172(11) 0.000 0.0020(9) 0.000  
C5 0.0211(9) 0.0128(9) 0.0210(9) 0.003 -0.0013(7) -0.004  
O1 0.0153(6) 0.0140(7) 0.0216(6) -0.0005(5) -0.0038(5) -0.0024(5)  
C1 0.0165(12) 0.0102(12) 0.0196(12) 0.000 0.0014(9) 0.000  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  






 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Br1 C2 1.8261(19) . ?  
C3 O1 1.355(2) . ?  
C3 C2 1.391(3) . ?  
C3 C4 1.398(2) . ?  
C4 C3 1.398(2) 2 ?  
C4 H4 0.9500 . ?  
C5 O1 1.435(2) . ?  
C5 H5A 0.9801 . ?  
C5 H5B 0.9800 . ?  
C5 H5C 0.9801 . ?  
C1 C2 1.386(2) 2 ?  
C1 C2 1.386(2) . ?  
C1 H1 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
O1 C3 C2 116.84(17) . . ?  
O1 C3 C4 123.99(18) . . ?  
C2 C3 C4 119.16(19) . . ?  
C3 C4 C3 120.4(3) . 2 ?  
C3 C4 H4 119.8 . . ?  
C3 C4 H4 119.8 2 . ?  
O1 C5 H5A 109.5 . . ?  
O1 C5 H5B 109.4 . . ?  
H5A C5 H5B 109.5 . . ?  
O1 C5 H5C 109.5 . . ?  
H5A C5 H5C 109.5 . . ?  
H5B C5 H5C 109.5 . . ?  
C3 O1 C5 118.29(13) . . ?  
C2 C1 C2 119.6(2) 2 . ?  
C2 C1 H1 120.2 2 . ?  
C2 C1 H1 120.2 . . ?  
C1 C2 C3 120.79(19) . . ?  
C1 C2 Br1 118.73(15) . . ?  





 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O1 C3 C4 C3 179.38(19) . . . 2 ?  
C2 C3 C4 C3 -1.16(13) . . . 2 ?  
C2 C3 O1 C5 173.63(14) . . . . ?  
C4 C3 O1 C5 -6.9(2) . . . . ?  
C2 C1 C2 C3 -1.20(13) 2 . . . ?  
C2 C1 C2 Br1 179.60(15) 2 . . . ?  
O1 C3 C2 C1 -178.14(13) . . . . ?  
C4 C3 C2 C1 2.4(3) . . . . ?  
O1 C3 C2 Br1 1.0(2) . . . . ?  
C4 C3 C2 Br1 -178.45(10) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.996  
_diffrn_reflns_theta_full              30.6  
_diffrn_measured_fraction_theta_full   0.996  
_refine_diff_density_max    0.51  
_refine_diff_density_min   -0.43  
_refine_diff_density_rms    0.101  





Figure B7.  Crystal structure of compound 2.9 
 





_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety     'C23 H24 O5'  
_chemical_formula_sum        'C23 H24 O5'  
_chemical_formula_weight          380.42  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    8.4475(10)  
_cell_length_b                    11.312(2)  
_cell_length_c                    21.111(4)  
_cell_angle_alpha                 93.876(6)  
_cell_angle_beta                  98.152(6)  
_cell_angle_gamma                 107.681(6)  
_cell_volume                      1889.5(5)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     105 
_cell_measurement_reflns_used     11052 
_cell_measurement_theta_min        2.5 




_exptl_crystal_description        'needle fragment' 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.45  
_exptl_crystal_size_mid           0.27  
_exptl_crystal_size_min           0.22  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.337  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              808  
_exptl_absorpt_coefficient_mu     0.094  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 




 ?  
;  
  
_diffrn_ambient_temperature       105 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             35457 
_diffrn_reflns_av_R_equivalents   0.039  
_diffrn_reflns_av_sigmaI/netI     0.073  
_diffrn_reflns_limit_h_min        -12  
_diffrn_reflns_limit_h_max        12  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        17  
_diffrn_reflns_limit_l_min        -31  
_diffrn_reflns_limit_l_max        31  
_diffrn_reflns_theta_min          2.5  
_diffrn_reflns_theta_max          32.6  
_reflns_number_total              13250  
_reflns_number_gt                 8222  
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_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0616P)^2^+0.1773P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          13250  
_refine_ls_number_parameters      519  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.104  
_refine_ls_R_factor_gt            0.053  
_refine_ls_wR_factor_ref          0.138  
_refine_ls_wR_factor_gt           0.119  
_refine_ls_goodness_of_fit_ref    1.021  
_refine_ls_restrained_S_all       1.021  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
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 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1A O 0.86910(12) 0.95802(9) 1.15517(5) 0.0244(2) Uani 1 1 d . . .  
O2A O 0.35464(11) 0.80460(9) 0.99607(4) 0.0198(2) Uani 1 1 d . . .  
O3A O 0.92149(12) 0.76283(9) 0.70050(4) 0.0211(2) Uani 1 1 d . . .  
O4A O 0.74472(12) 0.61820(8) 0.89893(4) 0.0192(2) Uani 1 1 d . . .  
O5A O 0.42949(12) 0.84680(8) 0.87683(5) 0.0198(2) Uani 1 1 d . . .  
H50A H 0.364(2) 0.8490(14) 0.9052(8) 0.030 Uiso 1 1 d . . .  
C1A C 0.52433(16) 0.76495(11) 0.89820(6) 0.0152(2) Uani 1 1 d . . .  
C2A C 0.61723(16) 0.81610(11) 0.96714(6) 0.0150(2) Uani 1 1 d . . .  
C3A C 0.79167(16) 0.85300(11) 0.98475(6) 0.0172(3) Uani 1 1 d . . .  
H3A H 0.8578 0.8448 0.9529 0.021 Uiso 1 1 calc R . .  
C4A C 0.87262(16) 0.90138(11) 1.04719(7) 0.0185(3) Uani 1 1 d . . .  
H4A H 0.9921 0.9263 1.0574 0.022 Uiso 1 1 calc R . .  
C5A C 0.77834(16) 0.91321(11) 1.09466(6) 0.0172(3) Uani 1 1 d . . .  
C6A C 0.60348(16) 0.88068(11) 1.07906(6) 0.0162(2) Uani 1 1 d . . .  
H6A H 0.5382 0.8899 1.1111 0.019 Uiso 1 1 calc R . .  
C7A C 0.52588(16) 0.83432(11) 1.01560(6) 0.0153(2) Uani 1 1 d . . .  
C8A C 0.64199(16) 0.76709(11) 0.84888(6) 0.0154(2) Uani 1 1 d . . .  
C9A C 0.64391(16) 0.84264(11) 0.79932(6) 0.0173(3) Uani 1 1 d . . .  
H9A H 0.5773 0.8969 0.7984 0.021 Uiso 1 1 calc R . .  
C10A C 0.73997(16) 0.84140(12) 0.75112(6) 0.0178(3) Uani 1 1 d . . .  
H10A H 0.7392 0.8946 0.7182 0.021 Uiso 1 1 calc R . .  
C11A C 0.83682(16) 0.76205(11) 0.75144(6) 0.0166(3) Uani 1 1 d . . .  
C12A C 0.84278(16) 0.68748(11) 0.80101(6) 0.0172(3) Uani 1 1 d . . .  
H12A H 0.9123 0.6353 0.8021 0.021 Uiso 1 1 calc R . .  
C13A C 0.74550(16) 0.69003(11) 0.84917(6) 0.0159(2) Uani 1 1 d . . .  
C14A C 0.39704(15) 0.63179(11) 0.89280(6) 0.0148(2) Uani 1 1 d . . .  
C15A C 0.28680(16) 0.58519(12) 0.83448(6) 0.0191(3) Uani 1 1 d . . .  
H15A H 0.2942 0.6346 0.7997 0.023 Uiso 1 1 calc R . .  
C16A C 0.16630(17) 0.46749(12) 0.82649(6) 0.0208(3) Uani 1 1 d . . .  
H16A H 0.0913 0.4376 0.7867 0.025 Uiso 1 1 calc R . .  
C17A C 0.15561(17) 0.39384(12) 0.87657(7) 0.0197(3) Uani 1 1 d . . .  
H17A H 0.0737 0.3133 0.8712 0.024 Uiso 1 1 calc R . .  
C18A C 0.26506(17) 0.43841(12) 0.93445(7) 0.0196(3) Uani 1 1 d . . .  
H18A H 0.2589 0.3880 0.9688 0.024 Uiso 1 1 calc R . .  
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C19A C 0.38477(16) 0.55744(11) 0.94248(6) 0.0174(3) Uani 1 1 d . . .  
H19A H 0.4586 0.5876 0.9825 0.021 Uiso 1 1 calc R . .  
C20A C 0.77985(18) 0.98024(13) 1.20493(6) 0.0228(3) Uani 1 1 d . . .  
H20A H 0.7221 1.0407 1.1929 0.034 Uiso 1 1 calc R . .  
H20B H 0.8596 1.0137 1.2453 0.034 Uiso 1 1 calc R . .  
H20C H 0.6966 0.9016 1.2108 0.034 Uiso 1 1 calc R . .  
C21A C 0.25312(17) 0.81746(14) 1.04327(7) 0.0240(3) Uani 1 1 d . . .  
H21A H 0.2671 0.7646 1.0772 0.036 Uiso 1 1 calc R . .  
H21B H 0.1344 0.7917 1.0228 0.036 Uiso 1 1 calc R . .  
H21C H 0.2883 0.9049 1.0622 0.036 Uiso 1 1 calc R . .  
C22A C 1.04551(18) 0.70007(13) 0.70376(7) 0.0248(3) Uani 1 1 d . . .  
H22A H 1.1314 0.7358 0.7422 0.037 Uiso 1 1 calc R . .  
H22B H 1.0987 0.7105 0.6653 0.037 Uiso 1 1 calc R . .  
H22C H 0.9914 0.6109 0.7060 0.037 Uiso 1 1 calc R . .  
C23A C 0.86563(18) 0.55264(13) 0.90612(7) 0.0228(3) Uani 1 1 d . . .  
H23A H 0.8436 0.4910 0.8684 0.034 Uiso 1 1 calc R . .  
H23B H 0.8567 0.5100 0.9450 0.034 Uiso 1 1 calc R . .  
H23C H 0.9794 0.6121 0.9099 0.034 Uiso 1 1 calc R . .  
O1B O 0.72271(12) 0.03312(9) 0.35891(5) 0.0238(2) Uani 1 1 d . . .  
O2B O 1.20533(11) 0.21576(8) 0.52023(5) 0.0208(2) Uani 1 1 d . . .  
O3B O 0.61849(12) 0.27399(9) 0.80773(4) 0.0214(2) Uani 1 1 d . . .  
O4B O 0.79666(12) 0.40000(8) 0.60674(4) 0.01885(19) Uani 1 1 d . . .  
O5B O 1.12825(12) 0.18613(8) 0.64216(5) 0.0201(2) Uani 1 1 d . . .  
H50B H 1.197(2) 0.1794(14) 0.6163(8) 0.030 Uiso 1 1 d . . .  
C1B C 1.02710(16) 0.25893(11) 0.61506(6) 0.0153(2) Uani 1 1 d . . .  
C2B C 0.93747(16) 0.19585(11) 0.54751(6) 0.0150(2) Uani 1 1 d . . .  
C3B C 0.76399(16) 0.15098(11) 0.52954(6) 0.0164(3) Uani 1 1 d . . .  
H3B H 0.6961 0.1592 0.5607 0.020 Uiso 1 1 calc R . .  
C4B C 0.68401(16) 0.09409(11) 0.46753(6) 0.0165(3) Uani 1 1 d . . .  
H4B H 0.5645 0.0640 0.4569 0.020 Uiso 1 1 calc R . .  
C5B C 0.78283(16) 0.08256(11) 0.42188(6) 0.0171(3) Uani 1 1 d . . .  
C6B C 0.95826(16) 0.12260(11) 0.43834(6) 0.0183(3) Uani 1 1 d . . .  
H6B H 1.0255 0.1125 0.4072 0.022 Uiso 1 1 calc R . .  
C7B C 1.03356(15) 0.17705(11) 0.50023(6) 0.0160(2) Uani 1 1 d . . .  
C8B C 0.90632(16) 0.26061(11) 0.66296(6) 0.0149(2) Uani 1 1 d . . .  
C9B C 0.90582(16) 0.19090(11) 0.71516(6) 0.0163(2) Uani 1 1 d . . .  
H9B H 0.9748 0.1383 0.7184 0.020 Uiso 1 1 calc R . .  
C10B C 0.80831(16) 0.19546(11) 0.76252(6) 0.0169(3) Uani 1 1 d . . .  
H10B H 0.8102 0.1463 0.7972 0.020 Uiso 1 1 calc R . .  
C11B C 0.70834(16) 0.27270(11) 0.75847(6) 0.0163(3) Uani 1 1 d . . .  
C12B C 0.70160(16) 0.34221(11) 0.70671(6) 0.0163(2) Uani 1 1 d . . .  
H12B H 0.6311 0.3936 0.7037 0.020 Uiso 1 1 calc R . .  
C13B C 0.79964(16) 0.33559(11) 0.65925(6) 0.0152(2) Uani 1 1 d . . .  
C14B C 1.14510(15) 0.39367(11) 0.61488(6) 0.0153(2) Uani 1 1 d . . .  
C15B C 1.26308(16) 0.44862(12) 0.67000(6) 0.0197(3) Uani 1 1 d . . .  
H15B H 1.2669 0.4035 0.7062 0.024 Uiso 1 1 calc R . .  
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C16B C 1.37558(17) 0.56838(12) 0.67302(7) 0.0220(3) Uani 1 1 d . . .  
H16B H 1.4564 0.6042 0.7109 0.026 Uiso 1 1 calc R . .  
C17B C 1.36943(17) 0.63520(12) 0.62070(7) 0.0217(3) Uani 1 1 d . . .  
H17B H 1.4464 0.7170 0.6225 0.026 Uiso 1 1 calc R . .  
C18B C 1.25079(17) 0.58264(12) 0.56561(7) 0.0213(3) Uani 1 1 d . . .  
H18B H 1.2454 0.6287 0.5298 0.026 Uiso 1 1 calc R . .  
C19B C 1.13911(17) 0.46158(12) 0.56294(6) 0.0182(3) Uani 1 1 d . . .  
H19B H 1.0583 0.4256 0.5251 0.022 Uiso 1 1 calc R . .  
C20B C 0.54598(18) -0.00915(13) 0.33828(7) 0.0261(3) Uani 1 1 d . . .  
H20D H 0.4946 -0.0798 0.3611 0.039 Uiso 1 1 calc R . .  
H20E H 0.5206 -0.0357 0.2918 0.039 Uiso 1 1 calc R . .  
H20F H 0.5003 0.0588 0.3476 0.039 Uiso 1 1 calc R . .  
C21B C 1.30741(17) 0.20567(13) 0.47300(7) 0.0239(3) Uani 1 1 d . . .  
H21D H 1.2820 0.1176 0.4567 0.036 Uiso 1 1 calc R . .  
H21E H 1.4267 0.2404 0.4926 0.036 Uiso 1 1 calc R . .  
H21F H 1.2836 0.2522 0.4373 0.036 Uiso 1 1 calc R . .  
C22B C 0.50301(19) 0.34481(13) 0.80331(7) 0.0255(3) Uani 1 1 d . . .  
H22D H 0.5638 0.4319 0.7991 0.038 Uiso 1 1 calc R . .  
H22E H 0.4519 0.3413 0.8423 0.038 Uiso 1 1 calc R . .  
H22F H 0.4145 0.3096 0.7656 0.038 Uiso 1 1 calc R . .  
C23B C 0.68411(18) 0.47261(12) 0.59998(7) 0.0219(3) Uani 1 1 d . . .  
H23D H 0.5682 0.4182 0.5985 0.033 Uiso 1 1 calc R . .  
H23E H 0.6923 0.5118 0.5600 0.033 Uiso 1 1 calc R . .  
H23F H 0.7147 0.5375 0.6368 0.033 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1A 0.0189(5) 0.0323(5) 0.0193(5) -0.0055(4) 0.0006(4) 0.0073(4)  
O2A 0.0150(5) 0.0282(5) 0.0176(5) -0.0006(4) 0.0035(4) 0.0090(4)  
O3A 0.0234(5) 0.0270(5) 0.0171(5) 0.0061(4) 0.0093(4) 0.0107(4)  
O4A 0.0267(5) 0.0194(5) 0.0187(5) 0.0078(4) 0.0097(4) 0.0140(4)  
O5A 0.0249(5) 0.0211(5) 0.0207(5) 0.0064(4) 0.0082(4) 0.0153(4)  
C1A 0.0174(6) 0.0168(6) 0.0152(6) 0.0041(5) 0.0053(5) 0.0092(5)  
C2A 0.0177(6) 0.0118(5) 0.0168(6) 0.0021(5) 0.0053(5) 0.0054(5)  
C3A 0.0187(6) 0.0136(6) 0.0211(6) 0.0019(5) 0.0088(5) 0.0053(5)  
C4A 0.0143(6) 0.0167(6) 0.0239(7) 0.0012(5) 0.0038(5) 0.0042(5)  
C5A 0.0187(6) 0.0139(6) 0.0183(6) -0.0006(5) 0.0025(5) 0.0048(5)  
C6A 0.0171(6) 0.0159(6) 0.0169(6) 0.0015(5) 0.0054(5) 0.0060(5)  
C7A 0.0145(6) 0.0145(6) 0.0176(6) 0.0013(5) 0.0034(5) 0.0053(4)  
C8A 0.0178(6) 0.0145(6) 0.0145(6) 0.0011(5) 0.0050(5) 0.0052(5)  
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C9A 0.0191(6) 0.0154(6) 0.0187(6) 0.0033(5) 0.0043(5) 0.0067(5)  
C10A 0.0202(7) 0.0169(6) 0.0164(6) 0.0050(5) 0.0043(5) 0.0050(5)  
C11A 0.0162(6) 0.0176(6) 0.0145(6) -0.0004(5) 0.0041(5) 0.0028(5)  
C12A 0.0202(6) 0.0162(6) 0.0173(6) 0.0017(5) 0.0055(5) 0.0077(5)  
C13A 0.0202(6) 0.0136(6) 0.0143(6) 0.0019(5) 0.0046(5) 0.0052(5)  
C14A 0.0148(6) 0.0170(6) 0.0152(6) 0.0021(5) 0.0041(5) 0.0079(5)  
C15A 0.0207(7) 0.0243(7) 0.0141(6) 0.0043(5) 0.0040(5) 0.0089(5)  
C16A 0.0180(6) 0.0267(7) 0.0156(6) -0.0021(5) -0.0001(5) 0.0062(5)  
C17A 0.0170(6) 0.0183(6) 0.0224(7) 0.0001(5) 0.0027(5) 0.0043(5)  
C18A 0.0219(7) 0.0185(6) 0.0195(6) 0.0043(5) 0.0040(5) 0.0071(5)  
C19A 0.0183(6) 0.0182(6) 0.0159(6) 0.0021(5) 0.0013(5) 0.0069(5)  
C20A 0.0260(7) 0.0250(7) 0.0170(6) -0.0017(5) 0.0017(5) 0.0091(6)  
C21A 0.0172(7) 0.0346(8) 0.0227(7) -0.0004(6) 0.0069(5) 0.0108(6)  
C22A 0.0273(8) 0.0296(7) 0.0235(7) 0.0049(6) 0.0117(6) 0.0142(6)  
C23A 0.0297(8) 0.0245(7) 0.0215(7) 0.0082(5) 0.0075(6) 0.0169(6)  
O1B 0.0194(5) 0.0306(5) 0.0179(5) -0.0060(4) 0.0018(4) 0.0055(4)  
O2B 0.0144(5) 0.0260(5) 0.0218(5) -0.0016(4) 0.0044(4) 0.0066(4)  
O3B 0.0244(5) 0.0271(5) 0.0167(5) 0.0062(4) 0.0089(4) 0.0109(4)  
O4B 0.0261(5) 0.0200(5) 0.0168(5) 0.0071(4) 0.0082(4) 0.0135(4)  
O5B 0.0221(5) 0.0228(5) 0.0208(5) 0.0057(4) 0.0050(4) 0.0138(4)  
C1B 0.0166(6) 0.0148(6) 0.0159(6) 0.0022(5) 0.0028(5) 0.0068(5)  
C2B 0.0179(6) 0.0120(5) 0.0163(6) 0.0022(4) 0.0039(5) 0.0062(5)  
C3B 0.0175(6) 0.0147(6) 0.0180(6) 0.0021(5) 0.0061(5) 0.0052(5)  
C4B 0.0156(6) 0.0145(6) 0.0193(6) 0.0016(5) 0.0038(5) 0.0041(5)  
C5B 0.0198(6) 0.0142(6) 0.0170(6) 0.0001(5) 0.0037(5) 0.0050(5)  
C6B 0.0193(7) 0.0195(6) 0.0181(6) 0.0011(5) 0.0067(5) 0.0078(5)  
C7B 0.0143(6) 0.0154(6) 0.0196(6) 0.0022(5) 0.0050(5) 0.0057(5)  
C8B 0.0167(6) 0.0134(6) 0.0143(6) 0.0008(4) 0.0027(5) 0.0046(5)  
C9B 0.0171(6) 0.0136(6) 0.0176(6) 0.0024(5) 0.0014(5) 0.0047(5)  
C10B 0.0174(6) 0.0151(6) 0.0157(6) 0.0032(5) 0.0014(5) 0.0018(5)  
C11B 0.0170(6) 0.0156(6) 0.0139(6) 0.0004(5) 0.0033(5) 0.0018(5)  
C12B 0.0187(6) 0.0151(6) 0.0163(6) 0.0010(5) 0.0035(5) 0.0072(5)  
C13B 0.0194(6) 0.0128(6) 0.0126(6) 0.0016(4) 0.0025(5) 0.0041(5)  
C14B 0.0150(6) 0.0155(6) 0.0169(6) 0.0011(5) 0.0047(5) 0.0062(5)  
C15B 0.0185(6) 0.0233(7) 0.0166(6) 0.0019(5) 0.0025(5) 0.0059(5)  
C16B 0.0172(6) 0.0251(7) 0.0203(7) -0.0041(5) 0.0012(5) 0.0042(5)  
C17B 0.0199(7) 0.0168(6) 0.0268(7) -0.0007(5) 0.0076(6) 0.0026(5)  
C18B 0.0253(7) 0.0173(6) 0.0223(7) 0.0044(5) 0.0073(6) 0.0063(5)  
C19B 0.0201(6) 0.0175(6) 0.0164(6) 0.0006(5) 0.0013(5) 0.0063(5)  
C20B 0.0214(7) 0.0277(7) 0.0232(7) -0.0048(6) -0.0006(6) 0.0025(6)  
C21B 0.0179(7) 0.0278(7) 0.0280(8) 0.0016(6) 0.0103(6) 0.0076(5)  
C22B 0.0311(8) 0.0285(7) 0.0243(7) 0.0066(6) 0.0132(6) 0.0158(6)  






 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1A C5A 1.3693(16) . ?  
O1A C20A 1.4281(16) . ?  
O2A C7A 1.3756(15) . ?  
O2A C21A 1.4310(15) . ?  
O3A C11A 1.3725(15) . ?  
O3A C22A 1.4298(16) . ?  
O4A C13A 1.3703(15) . ?  
O4A C23A 1.4310(15) . ?  
O5A C1A 1.4516(15) . ?  
O5A H50A 0.876(17) . ?  
C1A C8A 1.5346(17) . ?  
C1A C2A 1.5347(18) . ?  
C1A C14A 1.5480(17) . ?  
C2A C3A 1.3907(18) . ?  
C2A C7A 1.4059(17) . ?  
C3A C4A 1.3871(18) . ?  
C3A H3A 0.9500 . ?  
C4A C5A 1.3891(18) . ?  
C4A H4A 0.9500 . ?  
C5A C6A 1.3933(18) . ?  
C6A C7A 1.3951(18) . ?  
C6A H6A 0.9500 . ?  
C8A C9A 1.3939(17) . ?  
C8A C13A 1.4095(17) . ?  
C9A C10A 1.3904(17) . ?  
C9A H9A 0.9500 . ?  
C10A C11A 1.3858(18) . ?  
C10A H10A 0.9500 . ?  
C11A C12A 1.3928(18) . ?  
C12A C13A 1.3989(17) . ?  
C12A H12A 0.9500 . ?  
C14A C19A 1.3838(17) . ?  
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C14A C15A 1.3965(18) . ?  
C15A C16A 1.3911(18) . ?  
C15A H15A 0.9500 . ?  
C16A C17A 1.3858(19) . ?  
C16A H16A 0.9500 . ?  
C17A C18A 1.3838(19) . ?  
C17A H17A 0.9500 . ?  
C18A C19A 1.3992(18) . ?  
C18A H18A 0.9500 . ?  
C19A H19A 0.9500 . ?  
C20A H20A 0.9800 . ?  
C20A H20B 0.9800 . ?  
C20A H20C 0.9800 . ?  
C21A H21A 0.9800 . ?  
C21A H21B 0.9800 . ?  
C21A H21C 0.9800 . ?  
C22A H22A 0.9800 . ?  
C22A H22B 0.9800 . ?  
C22A H22C 0.9800 . ?  
C23A H23A 0.9800 . ?  
C23A H23B 0.9800 . ?  
C23A H23C 0.9800 . ?  
O1B C5B 1.3688(15) . ?  
O1B C20B 1.4145(17) . ?  
O2B C7B 1.3751(15) . ?  
O2B C21B 1.4279(15) . ?  
O3B C11B 1.3734(15) . ?  
O3B C22B 1.4357(16) . ?  
O4B C13B 1.3684(15) . ?  
O4B C23B 1.4320(15) . ?  
O5B C1B 1.4450(15) . ?  
O5B H50B 0.866(17) . ?  
C1B C2B 1.5311(17) . ?  
C1B C8B 1.5381(17) . ?  
C1B C14B 1.5478(17) . ?  
C2B C3B 1.3834(18) . ?  
C2B C7B 1.4165(17) . ?  
C3B C4B 1.3984(18) . ?  
C3B H3B 0.9500 . ?  
C4B C5B 1.3857(17) . ?  
C4B H4B 0.9500 . ?  
C5B C6B 1.3953(18) . ?  
C6B C7B 1.3814(18) . ?  
C6B H6B 0.9500 . ?  
C8B C9B 1.3974(17) . ?  
C8B C13B 1.4109(17) . ?  
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C9B C10B 1.3905(17) . ?  
C9B H9B 0.9500 . ?  
C10B C11B 1.3862(18) . ?  
C10B H10B 0.9500 . ?  
C11B C12B 1.3934(18) . ?  
C12B C13B 1.3993(17) . ?  
C12B H12B 0.9500 . ?  
C14B C19B 1.3846(18) . ?  
C14B C15B 1.3894(18) . ?  
C15B C16B 1.3898(18) . ?  
C15B H15B 0.9500 . ?  
C16B C17B 1.384(2) . ?  
C16B H16B 0.9500 . ?  
C17B C18B 1.387(2) . ?  
C17B H17B 0.9500 . ?  
C18B C19B 1.3994(18) . ?  
C18B H18B 0.9500 . ?  
C19B H19B 0.9500 . ?  
C20B H20D 0.9800 . ?  
C20B H20E 0.9800 . ?  
C20B H20F 0.9800 . ?  
C21B H21D 0.9800 . ?  
C21B H21E 0.9800 . ?  
C21B H21F 0.9800 . ?  
C22B H22D 0.9800 . ?  
C22B H22E 0.9800 . ?  
C22B H22F 0.9800 . ?  
C23B H23D 0.9800 . ?  
C23B H23E 0.9800 . ?  
C23B H23F 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C5A O1A C20A 117.85(10) . . ?  
C7A O2A C21A 118.46(10) . . ?  
C11A O3A C22A 118.01(10) . . ?  
C13A O4A C23A 117.81(10) . . ?  
C1A O5A H50A 106.2(11) . . ?  
O5A C1A C8A 104.73(10) . . ?  
O5A C1A C2A 107.97(9) . . ?  
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C8A C1A C2A 113.86(10) . . ?  
O5A C1A C14A 107.25(10) . . ?  
C8A C1A C14A 108.98(10) . . ?  
C2A C1A C14A 113.47(10) . . ?  
C3A C2A C7A 116.49(12) . . ?  
C3A C2A C1A 123.55(11) . . ?  
C7A C2A C1A 119.86(11) . . ?  
C4A C3A C2A 122.35(11) . . ?  
C4A C3A H3A 118.8 . . ?  
C2A C3A H3A 118.8 . . ?  
C3A C4A C5A 119.78(12) . . ?  
C3A C4A H4A 120.1 . . ?  
C5A C4A H4A 120.1 . . ?  
O1A C5A C4A 115.48(12) . . ?  
O1A C5A C6A 124.49(11) . . ?  
C4A C5A C6A 120.03(12) . . ?  
C5A C6A C7A 118.85(11) . . ?  
C5A C6A H6A 120.6 . . ?  
C7A C6A H6A 120.6 . . ?  
O2A C7A C6A 122.15(11) . . ?  
O2A C7A C2A 115.44(11) . . ?  
C6A C7A C2A 122.41(12) . . ?  
C9A C8A C13A 117.01(11) . . ?  
C9A C8A C1A 120.32(11) . . ?  
C13A C8A C1A 122.59(11) . . ?  
C10A C9A C8A 122.31(12) . . ?  
C10A C9A H9A 118.8 . . ?  
C8A C9A H9A 118.8 . . ?  
C11A C10A C9A 119.54(12) . . ?  
C11A C10A H10A 120.2 . . ?  
C9A C10A H10A 120.2 . . ?  
O3A C11A C10A 115.60(11) . . ?  
O3A C11A C12A 124.19(12) . . ?  
C10A C11A C12A 120.21(11) . . ?  
C11A C12A C13A 119.45(12) . . ?  
C11A C12A H12A 120.3 . . ?  
C13A C12A H12A 120.3 . . ?  
O4A C13A C12A 122.30(11) . . ?  
O4A C13A C8A 116.27(10) . . ?  
C12A C13A C8A 121.43(12) . . ?  
C19A C14A C15A 118.37(12) . . ?  
C19A C14A C1A 123.91(11) . . ?  
C15A C14A C1A 117.71(11) . . ?  
C16A C15A C14A 121.02(12) . . ?  
C16A C15A H15A 119.5 . . ?  
C14A C15A H15A 119.5 . . ?  
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C17A C16A C15A 120.03(12) . . ?  
C17A C16A H16A 120.0 . . ?  
C15A C16A H16A 120.0 . . ?  
C18A C17A C16A 119.55(12) . . ?  
C18A C17A H17A 120.2 . . ?  
C16A C17A H17A 120.2 . . ?  
C17A C18A C19A 120.19(12) . . ?  
C17A C18A H18A 119.9 . . ?  
C19A C18A H18A 119.9 . . ?  
C14A C19A C18A 120.83(12) . . ?  
C14A C19A H19A 119.6 . . ?  
C18A C19A H19A 119.6 . . ?  
O1A C20A H20A 109.5 . . ?  
O1A C20A H20B 109.5 . . ?  
H20A C20A H20B 109.5 . . ?  
O1A C20A H20C 109.5 . . ?  
H20A C20A H20C 109.5 . . ?  
H20B C20A H20C 109.5 . . ?  
O2A C21A H21A 109.5 . . ?  
O2A C21A H21B 109.5 . . ?  
H21A C21A H21B 109.5 . . ?  
O2A C21A H21C 109.5 . . ?  
H21A C21A H21C 109.5 . . ?  
H21B C21A H21C 109.5 . . ?  
O3A C22A H22A 109.5 . . ?  
O3A C22A H22B 109.5 . . ?  
H22A C22A H22B 109.5 . . ?  
O3A C22A H22C 109.5 . . ?  
H22A C22A H22C 109.5 . . ?  
H22B C22A H22C 109.5 . . ?  
O4A C23A H23A 109.5 . . ?  
O4A C23A H23B 109.5 . . ?  
H23A C23A H23B 109.5 . . ?  
O4A C23A H23C 109.5 . . ?  
H23A C23A H23C 109.5 . . ?  
H23B C23A H23C 109.5 . . ?  
C5B O1B C20B 117.87(10) . . ?  
C7B O2B C21B 117.35(10) . . ?  
C11B O3B C22B 117.87(10) . . ?  
C13B O4B C23B 117.87(10) . . ?  
C1B O5B H50B 108.7(11) . . ?  
O5B C1B C2B 108.36(9) . . ?  
O5B C1B C8B 104.41(10) . . ?  
C2B C1B C8B 113.71(10) . . ?  
O5B C1B C14B 108.01(10) . . ?  
C2B C1B C14B 112.91(10) . . ?  
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C8B C1B C14B 108.94(9) . . ?  
C3B C2B C7B 116.56(11) . . ?  
C3B C2B C1B 123.67(11) . . ?  
C7B C2B C1B 119.74(11) . . ?  
C2B C3B C4B 122.98(11) . . ?  
C2B C3B H3B 118.5 . . ?  
C4B C3B H3B 118.5 . . ?  
C5B C4B C3B 118.58(12) . . ?  
C5B C4B H4B 120.7 . . ?  
C3B C4B H4B 120.7 . . ?  
O1B C5B C4B 125.14(12) . . ?  
O1B C5B C6B 114.37(11) . . ?  
C4B C5B C6B 120.49(12) . . ?  
C7B C6B C5B 119.55(11) . . ?  
C7B C6B H6B 120.2 . . ?  
C5B C6B H6B 120.2 . . ?  
O2B C7B C6B 122.66(11) . . ?  
O2B C7B C2B 115.59(11) . . ?  
C6B C7B C2B 121.74(12) . . ?  
C9B C8B C13B 116.92(11) . . ?  
C9B C8B C1B 119.91(11) . . ?  
C13B C8B C1B 123.07(11) . . ?  
C10B C9B C8B 122.58(12) . . ?  
C10B C9B H9B 118.7 . . ?  
C8B C9B H9B 118.7 . . ?  
C11B C10B C9B 119.12(12) . . ?  
C11B C10B H10B 120.4 . . ?  
C9B C10B H10B 120.4 . . ?  
O3B C11B C10B 115.64(11) . . ?  
O3B C11B C12B 123.77(12) . . ?  
C10B C11B C12B 120.58(11) . . ?  
C11B C12B C13B 119.42(12) . . ?  
C11B C12B H12B 120.3 . . ?  
C13B C12B H12B 120.3 . . ?  
O4B C13B C12B 122.24(11) . . ?  
O4B C13B C8B 116.42(11) . . ?  
C12B C13B C8B 121.34(11) . . ?  
C19B C14B C15B 118.66(11) . . ?  
C19B C14B C1B 123.53(11) . . ?  
C15B C14B C1B 117.81(11) . . ?  
C14B C15B C16B 121.16(13) . . ?  
C14B C15B H15B 119.4 . . ?  
C16B C15B H15B 119.4 . . ?  
C17B C16B C15B 119.76(13) . . ?  
C17B C16B H16B 120.1 . . ?  
C15B C16B H16B 120.1 . . ?  
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C16B C17B C18B 119.93(12) . . ?  
C16B C17B H17B 120.0 . . ?  
C18B C17B H17B 120.0 . . ?  
C17B C18B C19B 119.79(13) . . ?  
C17B C18B H18B 120.1 . . ?  
C19B C18B H18B 120.1 . . ?  
C14B C19B C18B 120.70(12) . . ?  
C14B C19B H19B 119.7 . . ?  
C18B C19B H19B 119.7 . . ?  
O1B C20B H20D 109.5 . . ?  
O1B C20B H20E 109.5 . . ?  
H20D C20B H20E 109.5 . . ?  
O1B C20B H20F 109.5 . . ?  
H20D C20B H20F 109.5 . . ?  
H20E C20B H20F 109.5 . . ?  
O2B C21B H21D 109.5 . . ?  
O2B C21B H21E 109.5 . . ?  
H21D C21B H21E 109.5 . . ?  
O2B C21B H21F 109.5 . . ?  
H21D C21B H21F 109.5 . . ?  
H21E C21B H21F 109.5 . . ?  
O3B C22B H22D 109.5 . . ?  
O3B C22B H22E 109.5 . . ?  
H22D C22B H22E 109.5 . . ?  
O3B C22B H22F 109.5 . . ?  
H22D C22B H22F 109.5 . . ?  
H22E C22B H22F 109.5 . . ?  
O4B C23B H23D 109.5 . . ?  
O4B C23B H23E 109.5 . . ?  
H23D C23B H23E 109.5 . . ?  
O4B C23B H23F 109.5 . . ?  
H23D C23B H23F 109.5 . . ?  
H23E C23B H23F 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O5A C1A C2A C3A -120.18(12) . . . . ?  
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C8A C1A C2A C3A -4.34(16) . . . . ?  
C14A C1A C2A C3A 121.09(13) . . . . ?  
O5A C1A C2A C7A 56.17(14) . . . . ?  
C8A C1A C2A C7A 172.01(11) . . . . ?  
C14A C1A C2A C7A -62.56(14) . . . . ?  
C7A C2A C3A C4A 2.16(18) . . . . ?  
C1A C2A C3A C4A 178.62(11) . . . . ?  
C2A C3A C4A C5A 0.55(19) . . . . ?  
C20A O1A C5A C4A 175.76(11) . . . . ?  
C20A O1A C5A C6A -4.03(18) . . . . ?  
C3A C4A C5A O1A 177.94(11) . . . . ?  
C3A C4A C5A C6A -2.26(18) . . . . ?  
O1A C5A C6A C7A -179.07(12) . . . . ?  
C4A C5A C6A C7A 1.15(18) . . . . ?  
C21A O2A C7A C6A -2.44(17) . . . . ?  
C21A O2A C7A C2A 178.25(11) . . . . ?  
C5A C6A C7A O2A -177.55(11) . . . . ?  
C5A C6A C7A C2A 1.71(18) . . . . ?  
C3A C2A C7A O2A 176.01(11) . . . . ?  
C1A C2A C7A O2A -0.59(16) . . . . ?  
C3A C2A C7A C6A -3.31(18) . . . . ?  
C1A C2A C7A C6A -179.91(11) . . . . ?  
O5A C1A C8A C9A 2.66(15) . . . . ?  
C2A C1A C8A C9A -115.06(13) . . . . ?  
C14A C1A C8A C9A 117.16(12) . . . . ?  
O5A C1A C8A C13A -174.14(11) . . . . ?  
C2A C1A C8A C13A 68.14(15) . . . . ?  
C14A C1A C8A C13A -59.64(16) . . . . ?  
C13A C8A C9A C10A 1.35(19) . . . . ?  
C1A C8A C9A C10A -175.62(12) . . . . ?  
C8A C9A C10A C11A 0.52(19) . . . . ?  
C22A O3A C11A C10A 169.34(11) . . . . ?  
C22A O3A C11A C12A -11.16(18) . . . . ?  
C9A C10A C11A O3A 177.15(11) . . . . ?  
C9A C10A C11A C12A -2.38(19) . . . . ?  
O3A C11A C12A C13A -177.19(11) . . . . ?  
C10A C11A C12A C13A 2.30(19) . . . . ?  
C23A O4A C13A C12A 8.95(18) . . . . ?  
C23A O4A C13A C8A -171.21(11) . . . . ?  
C11A C12A C13A O4A 179.47(11) . . . . ?  
C11A C12A C13A C8A -0.36(19) . . . . ?  
C9A C8A C13A O4A 178.74(11) . . . . ?  
C1A C8A C13A O4A -4.36(18) . . . . ?  
C9A C8A C13A C12A -1.42(18) . . . . ?  
C1A C8A C13A C12A 175.47(11) . . . . ?  
O5A C1A C14A C19A -128.48(12) . . . . ?  
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C8A C1A C14A C19A 118.66(13) . . . . ?  
C2A C1A C14A C19A -9.34(17) . . . . ?  
O5A C1A C14A C15A 50.58(14) . . . . ?  
C8A C1A C14A C15A -62.27(14) . . . . ?  
C2A C1A C14A C15A 169.73(11) . . . . ?  
C19A C14A C15A C16A 0.64(19) . . . . ?  
C1A C14A C15A C16A -178.48(11) . . . . ?  
C14A C15A C16A C17A -0.8(2) . . . . ?  
C15A C16A C17A C18A 0.2(2) . . . . ?  
C16A C17A C18A C19A 0.5(2) . . . . ?  
C15A C14A C19A C18A 0.10(19) . . . . ?  
C1A C14A C19A C18A 179.16(11) . . . . ?  
C17A C18A C19A C14A -0.68(19) . . . . ?  
O5B C1B C2B C3B 119.33(13) . . . . ?  
C8B C1B C2B C3B 3.72(17) . . . . ?  
C14B C1B C2B C3B -121.07(13) . . . . ?  
O5B C1B C2B C7B -58.41(14) . . . . ?  
C8B C1B C2B C7B -174.03(11) . . . . ?  
C14B C1B C2B C7B 61.19(15) . . . . ?  
C7B C2B C3B C4B -2.50(18) . . . . ?  
C1B C2B C3B C4B 179.69(11) . . . . ?  
C2B C3B C4B C5B -0.28(19) . . . . ?  
C20B O1B C5B C4B 0.36(18) . . . . ?  
C20B O1B C5B C6B -179.71(11) . . . . ?  
C3B C4B C5B O1B -177.63(12) . . . . ?  
C3B C4B C5B C6B 2.45(18) . . . . ?  
O1B C5B C6B C7B 178.38(11) . . . . ?  
C4B C5B C6B C7B -1.69(19) . . . . ?  
C21B O2B C7B C6B 4.21(17) . . . . ?  
C21B O2B C7B C2B -176.19(11) . . . . ?  
C5B C6B C7B O2B 178.31(11) . . . . ?  
C5B C6B C7B C2B -1.27(19) . . . . ?  
C3B C2B C7B O2B -176.33(11) . . . . ?  
C1B C2B C7B O2B 1.57(16) . . . . ?  
C3B C2B C7B C6B 3.28(18) . . . . ?  
C1B C2B C7B C6B -178.82(11) . . . . ?  
O5B C1B C8B C9B -4.89(14) . . . . ?  
C2B C1B C8B C9B 113.02(13) . . . . ?  
C14B C1B C8B C9B -120.09(12) . . . . ?  
O5B C1B C8B C13B 171.47(11) . . . . ?  
C2B C1B C8B C13B -70.61(14) . . . . ?  
C14B C1B C8B C13B 56.28(15) . . . . ?  
C13B C8B C9B C10B -1.22(18) . . . . ?  
C1B C8B C9B C10B 175.37(11) . . . . ?  
C8B C9B C10B C11B -0.54(19) . . . . ?  
C22B O3B C11B C10B -175.25(11) . . . . ?  
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C22B O3B C11B C12B 4.17(18) . . . . ?  
C9B C10B C11B O3B -178.72(11) . . . . ?  
C9B C10B C11B C12B 1.85(18) . . . . ?  
O3B C11B C12B C13B 179.26(11) . . . . ?  
C10B C11B C12B C13B -1.35(18) . . . . ?  
C23B O4B C13B C12B -2.20(17) . . . . ?  
C23B O4B C13B C8B 177.27(11) . . . . ?  
C11B C12B C13B O4B 178.96(11) . . . . ?  
C11B C12B C13B C8B -0.48(18) . . . . ?  
C9B C8B C13B O4B -177.76(11) . . . . ?  
C1B C8B C13B O4B 5.78(17) . . . . ?  
C9B C8B C13B C12B 1.72(18) . . . . ?  
C1B C8B C13B C12B -174.75(11) . . . . ?  
O5B C1B C14B C19B 135.30(12) . . . . ?  
C2B C1B C14B C19B 15.50(17) . . . . ?  
C8B C1B C14B C19B -111.85(13) . . . . ?  
O5B C1B C14B C15B -44.64(14) . . . . ?  
C2B C1B C14B C15B -164.44(11) . . . . ?  
C8B C1B C14B C15B 68.21(14) . . . . ?  
C19B C14B C15B C16B -1.22(19) . . . . ?  
C1B C14B C15B C16B 178.72(11) . . . . ?  
C14B C15B C16B C17B 0.8(2) . . . . ?  
C15B C16B C17B C18B 0.2(2) . . . . ?  
C16B C17B C18B C19B -0.8(2) . . . . ?  
C15B C14B C19B C18B 0.67(19) . . . . ?  
C1B C14B C19B C18B -179.26(11) . . . . ?  
C17B C18B C19B C14B 0.3(2) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O5A H50A O2A  0.876(17) 2.022(17) 2.7194(14) 135.8(15) .  
O5B H50B O2B  0.866(17) 2.103(17) 2.7608(14) 132.3(15) .  
  
_diffrn_measured_fraction_theta_max    0.965  
_diffrn_reflns_theta_full              32.6  
_diffrn_measured_fraction_theta_full   0.965  
_refine_diff_density_max    0.37  
_refine_diff_density_min   -0.33  
_refine_diff_density_rms    0.059  
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Figure B8.  Crystal structure of compound 2.13b 
 
Table  B8.  CIF data for compound 2.13b 
data_13b 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety        'C29 H28 O5'  
_chemical_formula_sum    'C29 H28 O5'  
_chemical_formula_weight          456.51  
  
loop_  
 _atom_type_symbol  
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 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 
_symmetry_cell_setting 'Triclinic' 
_symmetry_space_group_name_Hall     '-P 1' 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    9.871(2)  
_cell_length_b                    13.157(3)  
_cell_length_c                    19.747(6)  
_cell_angle_alpha                 82.266(12)  
_cell_angle_beta                  77.781(13)  
_cell_angle_gamma                 71.274(15)  
_cell_volume                      2367.7(10)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     110 
_cell_measurement_reflns_used     7487 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        25.0 
  
_exptl_crystal_description        needle 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.32  
_exptl_crystal_size_mid           0.17  
_exptl_crystal_size_min           0.15  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.281  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              968  
_exptl_absorpt_coefficient_mu     0.087  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 
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 ?  
;  
  
_diffrn_ambient_temperature       110 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             25271 
_diffrn_reflns_av_R_equivalents   0.041 
_diffrn_reflns_av_sigmaI/netI     0.0687  
_diffrn_reflns_limit_h_min        -11  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -15  
_diffrn_reflns_limit_k_max        15  
_diffrn_reflns_limit_l_min        -23  
_diffrn_reflns_limit_l_max        23  
_diffrn_reflns_theta_min          2.6  
_diffrn_reflns_theta_max          25.1  
_reflns_number_total              8280  
_reflns_number_gt                 5866  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 310 
 
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0700P)^2^+10.6920P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          8280  
_refine_ls_number_parameters      623  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.122  
_refine_ls_R_factor_gt            0.089  
_refine_ls_wR_factor_ref          0.249  
_refine_ls_wR_factor_gt           0.234 
_refine_ls_goodness_of_fit_ref    1.129  
_refine_ls_restrained_S_all       1.129  
_refine_ls_shift/su_max           0.002  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1A O 1.1850(4) 0.2733(3) 0.51147(18) 0.0297(8) Uani 1 1 d . . .  
O2A O 0.6717(4) 0.4422(3) 0.54670(17) 0.0251(8) Uani 1 1 d . . .  
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O3A O 0.6442(4) -0.0823(3) 0.84722(18) 0.0320(9) Uani 1 1 d . . .  
O4A O 0.6904(4) 0.0772(3) 0.60951(17) 0.0298(8) Uani 1 1 d . . .  
O5A O 0.5288(4) 0.2853(3) 0.60124(17) 0.0246(8) Uani 1 1 d . . .  
H5A H 0.5703 0.2299 0.5793 0.037 Uiso 1 1 calc R . .  
C1A C 0.6108(5) 0.2872(4) 0.6530(2) 0.0218(10) Uani 1 1 d . . .  
C2A C 0.7668(5) 0.2874(4) 0.6188(2) 0.0198(10) Uani 1 1 d . . .  
C3A C 0.8870(5) 0.2111(4) 0.6385(2) 0.0232(11) Uani 1 1 d . . .  
H3A H 0.8719 0.1608 0.6764 0.028 Uiso 1 1 calc R . .  
C4A C 1.0296(5) 0.2032(4) 0.6062(2) 0.0214(10) Uani 1 1 d . . .  
H4A H 1.1097 0.1499 0.6219 0.026 Uiso 1 1 calc R . .  
C5A C 1.0507(5) 0.2757(4) 0.5503(2) 0.0222(10) Uani 1 1 d . . .  
C6A C 0.9320(5) 0.3574(4) 0.5306(2) 0.0233(11) Uani 1 1 d . . .  
H6A H 0.9478 0.4092 0.4939 0.028 Uiso 1 1 calc R . .  
C7A C 0.7921(5) 0.3637(4) 0.5639(2) 0.0206(10) Uani 1 1 d . . .  
C8A C 0.6167(5) 0.1863(4) 0.7042(2) 0.0204(10) Uani 1 1 d . . .  
C9A C 0.5888(5) 0.1921(4) 0.7762(2) 0.0218(10) Uani 1 1 d . . .  
H9A H 0.5616 0.2608 0.7940 0.026 Uiso 1 1 calc R . .  
C10A C 0.5987(5) 0.1029(4) 0.8226(2) 0.0239(11) Uani 1 1 d . . .  
H10A H 0.5776 0.1106 0.8712 0.029 Uiso 1 1 calc R . .  
C11A C 0.6396(5) 0.0017(4) 0.7976(2) 0.0230(11) Uani 1 1 d . . .  
C12A C 0.6707(6) -0.0094(4) 0.7261(3) 0.0254(11) Uani 1 1 d . . .  
H12A H 0.6988 -0.0784 0.7087 0.030 Uiso 1 1 calc R . .  
C13A C 0.6596(5) 0.0828(4) 0.6808(2) 0.0222(10) Uani 1 1 d . . .  
C14A C 0.5256(5) 0.3891(4) 0.6916(2) 0.0189(10) Uani 1 1 d . . .  
C15A C 0.3755(5) 0.4304(4) 0.6967(2) 0.0222(10) Uani 1 1 d . . .  
H15A H 0.3263 0.3999 0.6724 0.027 Uiso 1 1 calc R . .  
C16A C 0.2971(5) 0.5167(4) 0.7372(2) 0.0231(11) Uani 1 1 d . . .  
H16A H 0.1952 0.5459 0.7388 0.028 Uiso 1 1 calc R . .  
C17A C 0.3638(5) 0.5607(4) 0.7751(2) 0.0217(10) Uani 1 1 d . . .  
C18A C 0.5151(5) 0.5200(4) 0.7691(3) 0.0250(11) Uani 1 1 d . . .  
H18A H 0.5641 0.5507 0.7934 0.030 Uiso 1 1 calc R . .  
C19A C 0.5946(6) 0.4350(4) 0.7277(3) 0.0257(11) Uani 1 1 d . . .  
H19A H 0.6972 0.4082 0.7243 0.031 Uiso 1 1 calc R . .  
C20A C 0.2803(5) 0.6500(4) 0.8213(2) 0.0240(11) Uani 1 1 d . . .  
C21A C 0.3417(6) 0.7252(4) 0.8347(3) 0.0306(12) Uani 1 1 d . . .  
H21A H 0.4397 0.7196 0.8140 0.037 Uiso 1 1 calc R . .  
C22A C 0.2637(6) 0.8081(4) 0.8776(3) 0.0328(13) Uani 1 1 d . . .  
H22A H 0.3085 0.8580 0.8860 0.039 Uiso 1 1 calc R . .  
C23A C 0.1207(6) 0.8180(4) 0.9079(3) 0.0333(13) Uani 1 1 d . . .  
H23A H 0.0662 0.8753 0.9365 0.040 Uiso 1 1 calc R . .  
C24A C 0.0585(6) 0.7436(5) 0.8963(3) 0.0389(14) Uani 1 1 d . . .  
H24A H -0.0387 0.7487 0.9181 0.047 Uiso 1 1 calc R . .  
C25A C 0.1363(6) 0.6608(4) 0.8529(3) 0.0328(12) Uani 1 1 d . . .  
H25A H 0.0907 0.6111 0.8447 0.039 Uiso 1 1 calc R . .  
C26A C 1.3087(6) 0.2021(5) 0.5377(3) 0.0315(12) Uani 1 1 d . . .  
H26A H 1.3056 0.2192 0.5849 0.047 Uiso 1 1 calc R . .  
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H26B H 1.3977 0.2105 0.5076 0.047 Uiso 1 1 calc R . .  
H26C H 1.3078 0.1276 0.5385 0.047 Uiso 1 1 calc R . .  
C27A C 0.6930(6) 0.5144(4) 0.4869(3) 0.0314(12) Uani 1 1 d . . .  
H27A H 0.7487 0.5592 0.4961 0.047 Uiso 1 1 calc R . .  
H27B H 0.5983 0.5605 0.4771 0.047 Uiso 1 1 calc R . .  
H27C H 0.7465 0.4728 0.4468 0.047 Uiso 1 1 calc R . .  
C28A C 0.6896(7) -0.1881(4) 0.8240(3) 0.0390(14) Uani 1 1 d . . .  
H28A H 0.6290 -0.1912 0.7913 0.059 Uiso 1 1 calc R . .  
H28B H 0.6795 -0.2398 0.8639 0.059 Uiso 1 1 calc R . .  
H28C H 0.7916 -0.2060 0.8007 0.059 Uiso 1 1 calc R . .  
C29A C 0.7334(7) -0.0253(5) 0.5816(3) 0.0397(14) Uani 1 1 d . . .  
H29A H 0.8213 -0.0717 0.5982 0.060 Uiso 1 1 calc R . .  
H29B H 0.7534 -0.0161 0.5307 0.060 Uiso 1 1 calc R . .  
H29C H 0.6551 -0.0584 0.5966 0.060 Uiso 1 1 calc R . .  
O1B O 0.4922(4) 0.2610(3) 1.00292(18) 0.0270(8) Uani 1 1 d . . .  
O2B O 0.1811(4) 0.0690(3) 0.96668(17) 0.0247(8) Uani 1 1 d . . .  
O3B O -0.1877(4) 0.6281(3) 0.71987(17) 0.0311(9) Uani 1 1 d . . .  
O4B O -0.1039(4) 0.4113(3) 0.92875(16) 0.0269(8) Uani 1 1 d . . .  
O5B O -0.0588(4) 0.2026(3) 0.91521(16) 0.0227(7) Uani 1 1 d . . .  
H5B H -0.0795 0.2438 0.9474 0.034 Uiso 1 1 calc R . .  
C1B C 0.0588(5) 0.2229(4) 0.8639(2) 0.0207(10) Uani 1 1 d . . .  
C2B C 0.1809(5) 0.2311(4) 0.8982(2) 0.0177(10) Uani 1 1 d . . .  
C3B C 0.2424(5) 0.3146(4) 0.8792(2) 0.0203(10) Uani 1 1 d . . .  
H3B H 0.2103 0.3656 0.8426 0.024 Uiso 1 1 calc R . .  
C4B C 0.3482(5) 0.3274(4) 0.9108(2) 0.0222(11) Uani 1 1 d . . .  
H4B H 0.3895 0.3843 0.8954 0.027 Uiso 1 1 calc R . .  
C5B C 0.3915(5) 0.2552(4) 0.9653(2) 0.0197(10) Uani 1 1 d . . .  
C6B C 0.3367(5) 0.1685(4) 0.9852(2) 0.0199(10) Uani 1 1 d . . .  
H6B H 0.3696 0.1184 1.0220 0.024 Uiso 1 1 calc R . .  
C7B C 0.2339(5) 0.1546(4) 0.9517(2) 0.0194(10) Uani 1 1 d . . .  
C8B C -0.0039(5) 0.3305(4) 0.8221(2) 0.0189(10) Uani 1 1 d . . .  
C9B C 0.0198(5) 0.3425(4) 0.7501(2) 0.0220(10) Uani 1 1 d . . .  
H9B H 0.0771 0.2818 0.7249 0.026 Uiso 1 1 calc R . .  
C10B C -0.0365(5) 0.4396(4) 0.7129(2) 0.0224(11) Uani 1 1 d . . .  
H10B H -0.0180 0.4447 0.6636 0.027 Uiso 1 1 calc R . .  
C11B C -0.1200(5) 0.5286(4) 0.7493(3) 0.0232(11) Uani 1 1 d . . .  
C12B C -0.1430(5) 0.5203(4) 0.8220(2) 0.0217(10) Uani 1 1 d . . .  
H12B H -0.1986 0.5816 0.8470 0.026 Uiso 1 1 calc R . .  
C13B C -0.0854(5) 0.4236(4) 0.8573(2) 0.0203(10) Uani 1 1 d . . .  
C14B C 0.1104(5) 0.1297(4) 0.8164(2) 0.0188(10) Uani 1 1 d . . .  
C15B C 0.0106(5) 0.0813(4) 0.8056(2) 0.0221(10) Uani 1 1 d . . .  
H15B H -0.0863 0.1019 0.8307 0.027 Uiso 1 1 calc R . .  
C16B C 0.0535(5) 0.0024(4) 0.7579(3) 0.0237(11) Uani 1 1 d . . .  
H16B H -0.0146 -0.0310 0.7514 0.028 Uiso 1 1 calc R . .  
C17B C 0.1939(5) -0.0279(4) 0.7199(2) 0.0237(11) Uani 1 1 d . . .  
C18B C 0.2935(6) 0.0194(4) 0.7317(3) 0.0259(11) Uani 1 1 d . . .  
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H18B H 0.3906 -0.0018 0.7069 0.031 Uiso 1 1 calc R . .  
C19B C 0.2520(5) 0.0979(4) 0.7795(3) 0.0238(11) Uani 1 1 d . . .  
H19B H 0.3210 0.1298 0.7869 0.029 Uiso 1 1 calc R . .  
C20B C 0.2376(6) -0.1091(4) 0.6671(3) 0.0260(11) Uani 1 1 d . . .  
C21B C 0.1445(6) -0.1067(4) 0.6221(3) 0.0327(13) Uani 1 1 d . . .  
H21B H 0.0525 -0.0531 0.6254 0.039 Uiso 1 1 calc R . .  
C22B C 0.1849(7) -0.1819(5) 0.5726(3) 0.0378(14) Uani 1 1 d . . .  
H22B H 0.1214 -0.1782 0.5416 0.045 Uiso 1 1 calc R . .  
C23B C 0.3167(7) -0.2619(5) 0.5682(3) 0.0359(14) Uani 1 1 d . . .  
H23B H 0.3433 -0.3137 0.5347 0.043 Uiso 1 1 calc R . .  
C24B C 0.4098(6) -0.2663(4) 0.6125(3) 0.0325(13) Uani 1 1 d . . .  
H24B H 0.5001 -0.3217 0.6099 0.039 Uiso 1 1 calc R . .  
C25B C 0.3714(6) -0.1896(4) 0.6611(3) 0.0284(12) Uani 1 1 d . . .  
H25B H 0.4373 -0.1922 0.6905 0.034 Uiso 1 1 calc R . .  
C26B C 0.5780(6) 0.3309(4) 0.9737(3) 0.0296(12) Uani 1 1 d . . .  
H26D H 0.6285 0.3108 0.9268 0.044 Uiso 1 1 calc R . .  
H26E H 0.6497 0.3243 1.0029 0.044 Uiso 1 1 calc R . .  
H26F H 0.5148 0.4054 0.9713 0.044 Uiso 1 1 calc R . .  
C27B C 0.2321(6) -0.0093(4) 1.0205(3) 0.0298(12) Uani 1 1 d . . .  
H27D H 0.3372 -0.0425 1.0075 0.045 Uiso 1 1 calc R . .  
H27E H 0.1829 -0.0647 1.0269 0.045 Uiso 1 1 calc R . .  
H27F H 0.2110 0.0257 1.0639 0.045 Uiso 1 1 calc R . .  
C28B C -0.1677(7) 0.6399(5) 0.6458(3) 0.0422(15) Uani 1 1 d . . .  
H28D H -0.0643 0.6277 0.6264 0.063 Uiso 1 1 calc R . .  
H28E H -0.2231 0.7128 0.6309 0.063 Uiso 1 1 calc R . .  
H28F H -0.2021 0.5873 0.6291 0.063 Uiso 1 1 calc R . .  
C29B C -0.1749(6) 0.5052(4) 0.9668(3) 0.0310(12) Uani 1 1 d . . .  
H29D H -0.1195 0.5568 0.9531 0.047 Uiso 1 1 calc R . .  
H29E H -0.1806 0.4848 1.0166 0.047 Uiso 1 1 calc R . .  
H29F H -0.2733 0.5381 0.9565 0.047 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1A 0.0212(19) 0.039(2) 0.0285(19) 0.0002(16) -0.0021(15) -0.0117(16)  
O2A 0.0264(19) 0.0231(18) 0.0234(18) 0.0045(14) -0.0054(15) -0.0060(15)  
O3A 0.049(2) 0.0208(18) 0.0233(19) 0.0025(15) -0.0051(17) -0.0094(17)  
O4A 0.044(2) 0.0269(19) 0.0199(18) -0.0055(15) -0.0039(16) -0.0117(17)  
O5A 0.029(2) 0.0294(19) 0.0202(18) -0.0019(14) -0.0111(15) -0.0110(16)  
C1A 0.024(3) 0.022(3) 0.021(2) 0.000(2) -0.006(2) -0.008(2)  
C2A 0.022(3) 0.019(2) 0.020(2) -0.0023(19) -0.007(2) -0.007(2)  
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C3A 0.026(3) 0.021(3) 0.023(3) 0.003(2) -0.005(2) -0.010(2)  
C4A 0.020(3) 0.023(3) 0.024(3) 0.001(2) -0.008(2) -0.008(2)  
C5A 0.019(3) 0.026(3) 0.024(3) -0.003(2) -0.002(2) -0.012(2)  
C6A 0.029(3) 0.024(3) 0.019(2) 0.001(2) -0.001(2) -0.014(2)  
C7A 0.027(3) 0.016(2) 0.019(2) 0.0007(19) -0.007(2) -0.006(2)  
C8A 0.016(2) 0.023(2) 0.022(2) -0.002(2) -0.0019(19) -0.007(2)  
C9A 0.020(3) 0.022(3) 0.021(2) -0.002(2) -0.001(2) -0.006(2)  
C10A 0.028(3) 0.027(3) 0.017(2) -0.001(2) -0.002(2) -0.010(2)  
C11A 0.021(3) 0.023(3) 0.023(3) 0.001(2) -0.003(2) -0.005(2)  
C12A 0.029(3) 0.024(3) 0.024(3) -0.004(2) -0.005(2) -0.009(2)  
C13A 0.020(3) 0.029(3) 0.018(2) -0.005(2) 0.000(2) -0.009(2)  
C14A 0.017(2) 0.022(2) 0.015(2) 0.0034(18) -0.0022(19) -0.0055(19)  
C15A 0.020(3) 0.029(3) 0.019(2) 0.005(2) -0.006(2) -0.010(2)  
C16A 0.019(3) 0.025(3) 0.024(3) 0.002(2) -0.004(2) -0.005(2)  
C17A 0.023(3) 0.025(3) 0.016(2) 0.0040(19) -0.0008(19) -0.010(2)  
C18A 0.027(3) 0.027(3) 0.024(3) -0.002(2) -0.006(2) -0.012(2)  
C19A 0.027(3) 0.023(3) 0.027(3) 0.000(2) -0.006(2) -0.008(2)  
C20A 0.027(3) 0.023(3) 0.020(2) 0.005(2) -0.006(2) -0.007(2)  
C21A 0.030(3) 0.033(3) 0.026(3) -0.001(2) -0.004(2) -0.008(2)  
C22A 0.042(3) 0.026(3) 0.029(3) 0.000(2) -0.011(3) -0.007(2)  
C23A 0.035(3) 0.029(3) 0.028(3) -0.005(2) -0.009(2) 0.003(2)  
C24A 0.028(3) 0.045(4) 0.037(3) -0.010(3) 0.000(3) -0.002(3)  
C25A 0.026(3) 0.035(3) 0.036(3) -0.005(2) -0.002(2) -0.010(2)  
C26A 0.024(3) 0.043(3) 0.029(3) -0.004(2) -0.005(2) -0.011(2)  
C27A 0.038(3) 0.026(3) 0.031(3) 0.009(2) -0.011(2) -0.011(2)  
C28A 0.063(4) 0.020(3) 0.033(3) 0.000(2) -0.006(3) -0.013(3)  
C29A 0.061(4) 0.036(3) 0.025(3) -0.012(2) -0.001(3) -0.020(3)  
O1B 0.0259(19) 0.0291(19) 0.0301(19) 0.0023(15) -0.0104(15) -0.0125(16)  
O2B 0.031(2) 0.0212(18) 0.0253(18) 0.0043(14) -0.0088(15) -0.0129(15)  
O3B 0.043(2) 0.0238(19) 0.0227(18) 0.0029(15) -0.0097(16) -0.0044(16)  
O4B 0.036(2) 0.0237(18) 0.0163(17) -0.0043(14) -0.0021(15) -0.0033(16)  
O5B 0.0229(18) 0.0261(19) 0.0197(17) -0.0050(14) 0.0014(14) -0.0105(15)  
C1B 0.020(3) 0.021(2) 0.022(2) 0.0010(19) -0.002(2) -0.010(2)  
C2B 0.017(2) 0.017(2) 0.018(2) -0.0036(18) 0.0003(19) -0.0059(19)  
C3B 0.019(2) 0.020(2) 0.020(2) -0.0006(19) -0.0024(19) -0.005(2)  
C4B 0.025(3) 0.020(2) 0.024(3) -0.001(2) -0.004(2) -0.011(2)  
C5B 0.016(2) 0.022(2) 0.022(2) -0.007(2) -0.0025(19) -0.007(2)  
C6B 0.021(3) 0.017(2) 0.020(2) 0.0027(19) -0.005(2) -0.0047(19)  
C7B 0.019(2) 0.016(2) 0.023(2) -0.0016(19) -0.003(2) -0.0047(19)  
C8B 0.015(2) 0.021(2) 0.023(2) -0.0016(19) -0.0051(19) -0.0072(19)  
C9B 0.022(3) 0.025(3) 0.020(2) -0.005(2) -0.003(2) -0.010(2)  
C10B 0.027(3) 0.026(3) 0.017(2) -0.001(2) -0.007(2) -0.009(2)  
C11B 0.023(3) 0.021(3) 0.026(3) 0.001(2) -0.006(2) -0.007(2)  
C12B 0.021(3) 0.022(3) 0.022(2) -0.004(2) -0.004(2) -0.006(2)  
C13B 0.019(2) 0.024(3) 0.019(2) -0.0035(19) -0.0009(19) -0.008(2)  
C14B 0.021(3) 0.024(2) 0.013(2) 0.0021(18) -0.0032(19) -0.010(2)  
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C15B 0.022(3) 0.027(3) 0.018(2) 0.000(2) -0.003(2) -0.009(2)  
C16B 0.023(3) 0.023(3) 0.028(3) -0.001(2) -0.009(2) -0.008(2)  
C17B 0.029(3) 0.024(3) 0.019(2) 0.001(2) -0.008(2) -0.009(2)  
C18B 0.024(3) 0.030(3) 0.025(3) -0.006(2) -0.002(2) -0.009(2)  
C19B 0.021(3) 0.025(3) 0.028(3) -0.006(2) -0.006(2) -0.009(2)  
C20B 0.036(3) 0.021(3) 0.023(3) -0.001(2) -0.006(2) -0.011(2)  
C21B 0.037(3) 0.031(3) 0.031(3) -0.006(2) -0.011(2) -0.008(2)  
C22B 0.049(4) 0.042(3) 0.030(3) -0.012(3) -0.009(3) -0.019(3)  
C23B 0.051(4) 0.033(3) 0.025(3) -0.010(2) 0.000(3) -0.016(3)  
C24B 0.037(3) 0.028(3) 0.028(3) -0.006(2) 0.003(2) -0.007(2)  
C25B 0.030(3) 0.029(3) 0.026(3) -0.003(2) -0.005(2) -0.008(2)  
C26B 0.024(3) 0.038(3) 0.032(3) -0.001(2) -0.007(2) -0.016(2)  
C27B 0.037(3) 0.022(3) 0.031(3) 0.005(2) -0.010(2) -0.010(2)  
C28B 0.066(4) 0.030(3) 0.024(3) 0.008(2) -0.015(3) -0.005(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1A C5A 1.377(6) . ?  
O1A C26A 1.428(6) . ?  
O2A C7A 1.372(6) . ?  
O2A C27A 1.436(6) . ?  
O3A C11A 1.370(6) . ?  
O3A C28A 1.426(6) . ?  
O4A C13A 1.383(6) . ?  
O4A C29A 1.426(6) . ?  
O5A C1A 1.439(6) . ?  
O5A H5A 0.8400 . ?  
C1A C14A 1.538(7) . ?  
C1A C2A 1.546(7) . ?  
C1A C8A 1.550(6) . ?  
C2A C3A 1.377(7) . ?  
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C2A C7A 1.414(6) . ?  
C3A C4A 1.395(7) . ?  
C3A H3A 0.9500 . ?  
C4A C5A 1.385(7) . ?  
C4A H4A 0.9500 . ?  
C5A C6A 1.396(7) . ?  
C6A C7A 1.379(7) . ?  
C6A H6A 0.9500 . ?  
C8A C9A 1.397(7) . ?  
C8A C13A 1.402(7) . ?  
C9A C10A 1.379(7) . ?  
C9A H9A 0.9500 . ?  
C10A C11A 1.387(7) . ?  
C10A H10A 0.9500 . ?  
C11A C12A 1.397(7) . ?  
C12A C13A 1.396(7) . ?  
C12A H12A 0.9500 . ?  
C14A C19A 1.387(7) . ?  
C14A C15A 1.391(7) . ?  
C15A C16A 1.396(7) . ?  
C15A H15A 0.9500 . ?  
C16A C17A 1.377(7) . ?  
C16A H16A 0.9500 . ?  
C17A C18A 1.400(7) . ?  
C17A C20A 1.497(7) . ?  
C18A C19A 1.394(7) . ?  
C18A H18A 0.9500 . ?  
C19A H19A 0.9500 . ?  
C20A C21A 1.393(7) . ?  
C20A C25A 1.396(7) . ?  
C21A C22A 1.390(8) . ?  
C21A H21A 0.9500 . ?  
C22A C23A 1.383(8) . ?  
C22A H22A 0.9500 . ?  
C23A C24A 1.376(8) . ?  
C23A H23A 0.9500 . ?  
C24A C25A 1.396(8) . ?  
C24A H24A 0.9500 . ?  
C25A H25A 0.9500 . ?  
C26A H26A 0.9800 . ?  
C26A H26B 0.9800 . ?  
C26A H26C 0.9800 . ?  
C27A H27A 0.9800 . ?  
C27A H27B 0.9800 . ?  
C27A H27C 0.9800 . ?  
C28A H28A 0.9800 . ?  
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C28A H28B 0.9800 . ?  
C28A H28C 0.9800 . ?  
C29A H29A 0.9800 . ?  
C29A H29B 0.9800 . ?  
C29A H29C 0.9800 . ?  
O1B C5B 1.386(6) . ?  
O1B C26B 1.431(6) . ?  
O2B C7B 1.360(6) . ?  
O2B C27B 1.429(6) . ?  
O3B C11B 1.376(6) . ?  
O3B C28B 1.429(6) . ?  
O4B C13B 1.378(6) . ?  
O4B C29B 1.431(6) . ?  
O5B C1B 1.439(5) . ?  
O5B H5B 0.8400 . ?  
C1B C14B 1.533(7) . ?  
C1B C2B 1.540(6) . ?  
C1B C8B 1.552(6) . ?  
C2B C3B 1.393(6) . ?  
C2B C7B 1.419(6) . ?  
C3B C4B 1.387(7) . ?  
C3B H3B 0.9500 . ?  
C4B C5B 1.380(7) . ?  
C4B H4B 0.9500 . ?  
C5B C6B 1.390(6) . ?  
C6B C7B 1.391(6) . ?  
C6B H6B 0.9500 . ?  
C8B C9B 1.387(7) . ?  
C8B C13B 1.411(7) . ?  
C9B C10B 1.394(7) . ?  
C9B H9B 0.9500 . ?  
C10B C11B 1.386(7) . ?  
C10B H10B 0.9500 . ?  
C11B C12B 1.401(7) . ?  
C12B C13B 1.377(7) . ?  
C12B H12B 0.9500 . ?  
C14B C19B 1.391(7) . ?  
C14B C15B 1.396(6) . ?  
C15B C16B 1.399(7) . ?  
C15B H15B 0.9500 . ?  
C16B C17B 1.388(7) . ?  
C16B H16B 0.9500 . ?  
C17B C18B 1.391(7) . ?  
C17B C20B 1.492(7) . ?  
C18B C19B 1.399(7) . ?  
C18B H18B 0.9500 . ?  
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C19B H19B 0.9500 . ?  
C20B C25B 1.397(7) . ?  
C20B C21B 1.398(7) . ?  
C21B C22B 1.392(7) . ?  
C21B H21B 0.9500 . ?  
C22B C23B 1.381(8) . ?  
C22B H22B 0.9500 . ?  
C23B C24B 1.381(8) . ?  
C23B H23B 0.9500 . ?  
C24B C25B 1.393(7) . ?  
C24B H24B 0.9500 . ?  
C25B H25B 0.9500 . ?  
C26B H26D 0.9800 . ?  
C26B H26E 0.9800 . ?  
C26B H26F 0.9800 . ?  
C27B H27D 0.9800 . ?  
C27B H27E 0.9800 . ?  
C27B H27F 0.9800 . ?  
C28B H28D 0.9800 . ?  
C28B H28E 0.9800 . ?  
C28B H28F 0.9800 . ?  
C29B H29D 0.9800 . ?  
C29B H29E 0.9800 . ?  
C29B H29F 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C5A O1A C26A 116.7(4) . . ?  
C7A O2A C27A 117.6(4) . . ?  
C11A O3A C28A 117.5(4) . . ?  
C13A O4A C29A 119.2(4) . . ?  
C1A O5A H5A 109.5 . . ?  
O5A C1A C14A 106.0(4) . . ?  
O5A C1A C2A 110.7(4) . . ?  
C14A C1A C2A 112.2(4) . . ?  
O5A C1A C8A 108.6(4) . . ?  
C14A C1A C8A 109.5(4) . . ?  
C2A C1A C8A 109.8(4) . . ?  
C3A C2A C7A 117.1(4) . . ?  
C3A C2A C1A 121.6(4) . . ?  
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C7A C2A C1A 121.3(4) . . ?  
C2A C3A C4A 123.8(4) . . ?  
C2A C3A H3A 118.1 . . ?  
C4A C3A H3A 118.1 . . ?  
C5A C4A C3A 117.8(4) . . ?  
C5A C4A H4A 121.1 . . ?  
C3A C4A H4A 121.1 . . ?  
O1A C5A C4A 123.7(4) . . ?  
O1A C5A C6A 116.2(4) . . ?  
C4A C5A C6A 120.1(4) . . ?  
C7A C6A C5A 120.8(4) . . ?  
C7A C6A H6A 119.6 . . ?  
C5A C6A H6A 119.6 . . ?  
O2A C7A C6A 123.2(4) . . ?  
O2A C7A C2A 116.5(4) . . ?  
C6A C7A C2A 120.3(4) . . ?  
C9A C8A C13A 116.0(4) . . ?  
C9A C8A C1A 122.2(4) . . ?  
C13A C8A C1A 121.7(4) . . ?  
C10A C9A C8A 123.2(5) . . ?  
C10A C9A H9A 118.4 . . ?  
C8A C9A H9A 118.4 . . ?  
C9A C10A C11A 119.4(4) . . ?  
C9A C10A H10A 120.3 . . ?  
C11A C10A H10A 120.3 . . ?  
O3A C11A C10A 115.6(4) . . ?  
O3A C11A C12A 124.2(4) . . ?  
C10A C11A C12A 120.2(4) . . ?  
C13A C12A C11A 118.8(5) . . ?  
C13A C12A H12A 120.6 . . ?  
C11A C12A H12A 120.6 . . ?  
O4A C13A C12A 121.6(4) . . ?  
O4A C13A C8A 115.8(4) . . ?  
C12A C13A C8A 122.6(4) . . ?  
C19A C14A C15A 118.7(5) . . ?  
C19A C14A C1A 120.5(4) . . ?  
C15A C14A C1A 120.5(4) . . ?  
C14A C15A C16A 120.1(5) . . ?  
C14A C15A H15A 119.9 . . ?  
C16A C15A H15A 119.9 . . ?  
C17A C16A C15A 121.7(5) . . ?  
C17A C16A H16A 119.2 . . ?  
C15A C16A H16A 119.2 . . ?  
C16A C17A C18A 118.0(5) . . ?  
C16A C17A C20A 122.3(4) . . ?  
C18A C17A C20A 119.7(4) . . ?  
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C19A C18A C17A 120.7(5) . . ?  
C19A C18A H18A 119.7 . . ?  
C17A C18A H18A 119.7 . . ?  
C14A C19A C18A 120.7(5) . . ?  
C14A C19A H19A 119.6 . . ?  
C18A C19A H19A 119.6 . . ?  
C21A C20A C25A 117.3(5) . . ?  
C21A C20A C17A 122.0(5) . . ?  
C25A C20A C17A 120.7(5) . . ?  
C22A C21A C20A 121.8(5) . . ?  
C22A C21A H21A 119.1 . . ?  
C20A C21A H21A 119.1 . . ?  
C23A C22A C21A 120.0(5) . . ?  
C23A C22A H22A 120.0 . . ?  
C21A C22A H22A 120.0 . . ?  
C24A C23A C22A 119.2(5) . . ?  
C24A C23A H23A 120.4 . . ?  
C22A C23A H23A 120.4 . . ?  
C23A C24A C25A 120.9(5) . . ?  
C23A C24A H24A 119.6 . . ?  
C25A C24A H24A 119.6 . . ?  
C24A C25A C20A 120.8(5) . . ?  
C24A C25A H25A 119.6 . . ?  
C20A C25A H25A 119.6 . . ?  
O1A C26A H26A 109.5 . . ?  
O1A C26A H26B 109.5 . . ?  
H26A C26A H26B 109.5 . . ?  
O1A C26A H26C 109.5 . . ?  
H26A C26A H26C 109.5 . . ?  
H26B C26A H26C 109.5 . . ?  
O2A C27A H27A 109.5 . . ?  
O2A C27A H27B 109.5 . . ?  
H27A C27A H27B 109.5 . . ?  
O2A C27A H27C 109.5 . . ?  
H27A C27A H27C 109.5 . . ?  
H27B C27A H27C 109.5 . . ?  
O3A C28A H28A 109.5 . . ?  
O3A C28A H28B 109.5 . . ?  
H28A C28A H28B 109.5 . . ?  
O3A C28A H28C 109.5 . . ?  
H28A C28A H28C 109.5 . . ?  
H28B C28A H28C 109.5 . . ?  
O4A C29A H29A 109.5 . . ?  
O4A C29A H29B 109.5 . . ?  
H29A C29A H29B 109.5 . . ?  
O4A C29A H29C 109.5 . . ?  
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H29A C29A H29C 109.5 . . ?  
H29B C29A H29C 109.5 . . ?  
C5B O1B C26B 116.8(4) . . ?  
C7B O2B C27B 118.1(4) . . ?  
C11B O3B C28B 116.7(4) . . ?  
C13B O4B C29B 118.2(4) . . ?  
C1B O5B H5B 109.5 . . ?  
O5B C1B C14B 105.6(3) . . ?  
O5B C1B C2B 111.2(4) . . ?  
C14B C1B C2B 112.5(4) . . ?  
O5B C1B C8B 107.7(4) . . ?  
C14B C1B C8B 109.9(4) . . ?  
C2B C1B C8B 109.8(4) . . ?  
C3B C2B C7B 116.9(4) . . ?  
C3B C2B C1B 121.8(4) . . ?  
C7B C2B C1B 121.3(4) . . ?  
C4B C3B C2B 123.5(4) . . ?  
C4B C3B H3B 118.2 . . ?  
C2B C3B H3B 118.2 . . ?  
C5B C4B C3B 118.1(4) . . ?  
C5B C4B H4B 120.9 . . ?  
C3B C4B H4B 120.9 . . ?  
C4B C5B O1B 124.0(4) . . ?  
C4B C5B C6B 120.7(4) . . ?  
O1B C5B C6B 115.3(4) . . ?  
C5B C6B C7B 120.6(4) . . ?  
C5B C6B H6B 119.7 . . ?  
C7B C6B H6B 119.7 . . ?  
O2B C7B C6B 123.3(4) . . ?  
O2B C7B C2B 116.7(4) . . ?  
C6B C7B C2B 119.9(4) . . ?  
C9B C8B C13B 116.6(4) . . ?  
C9B C8B C1B 123.5(4) . . ?  
C13B C8B C1B 119.9(4) . . ?  
C8B C9B C10B 123.0(5) . . ?  
C8B C9B H9B 118.5 . . ?  
C10B C9B H9B 118.5 . . ?  
C11B C10B C9B 118.9(4) . . ?  
C11B C10B H10B 120.6 . . ?  
C9B C10B H10B 120.6 . . ?  
O3B C11B C10B 125.4(4) . . ?  
O3B C11B C12B 114.8(4) . . ?  
C10B C11B C12B 119.8(4) . . ?  
C13B C12B C11B 120.1(4) . . ?  
C13B C12B H12B 120.0 . . ?  
C11B C12B H12B 120.0 . . ?  
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C12B C13B O4B 122.4(4) . . ?  
C12B C13B C8B 121.6(4) . . ?  
O4B C13B C8B 116.0(4) . . ?  
C19B C14B C15B 119.2(4) . . ?  
C19B C14B C1B 121.2(4) . . ?  
C15B C14B C1B 119.4(4) . . ?  
C14B C15B C16B 119.9(4) . . ?  
C14B C15B H15B 120.1 . . ?  
C16B C15B H15B 120.1 . . ?  
C17B C16B C15B 121.1(4) . . ?  
C17B C16B H16B 119.4 . . ?  
C15B C16B H16B 119.4 . . ?  
C16B C17B C18B 118.7(5) . . ?  
C16B C17B C20B 121.0(4) . . ?  
C18B C17B C20B 120.3(5) . . ?  
C17B C18B C19B 120.6(5) . . ?  
C17B C18B H18B 119.7 . . ?  
C19B C18B H18B 119.7 . . ?  
C14B C19B C18B 120.4(4) . . ?  
C14B C19B H19B 119.8 . . ?  
C18B C19B H19B 119.8 . . ?  
C25B C20B C21B 117.9(5) . . ?  
C25B C20B C17B 121.6(5) . . ?  
C21B C20B C17B 120.6(5) . . ?  
C22B C21B C20B 120.9(5) . . ?  
C22B C21B H21B 119.6 . . ?  
C20B C21B H21B 119.6 . . ?  
C23B C22B C21B 120.3(5) . . ?  
C23B C22B H22B 119.8 . . ?  
C21B C22B H22B 119.8 . . ?  
C22B C23B C24B 119.8(5) . . ?  
C22B C23B H23B 120.1 . . ?  
C24B C23B H23B 120.1 . . ?  
C23B C24B C25B 120.1(5) . . ?  
C23B C24B H24B 119.9 . . ?  
C25B C24B H24B 119.9 . . ?  
C24B C25B C20B 121.0(5) . . ?  
C24B C25B H25B 119.5 . . ?  
C20B C25B H25B 119.5 . . ?  
O1B C26B H26D 109.5 . . ?  
O1B C26B H26E 109.5 . . ?  
H26D C26B H26E 109.5 . . ?  
O1B C26B H26F 109.5 . . ?  
H26D C26B H26F 109.5 . . ?  
H26E C26B H26F 109.5 . . ?  
O2B C27B H27D 109.5 . . ?  
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O2B C27B H27E 109.5 . . ?  
H27D C27B H27E 109.5 . . ?  
O2B C27B H27F 109.5 . . ?  
H27D C27B H27F 109.5 . . ?  
H27E C27B H27F 109.5 . . ?  
O3B C28B H28D 109.5 . . ?  
O3B C28B H28E 109.5 . . ?  
H28D C28B H28E 109.5 . . ?  
O3B C28B H28F 109.5 . . ?  
H28D C28B H28F 109.5 . . ?  
H28E C28B H28F 109.5 . . ?  
O4B C29B H29D 109.5 . . ?  
O4B C29B H29E 109.5 . . ?  
H29D C29B H29E 109.5 . . ?  
O4B C29B H29F 109.5 . . ?  
H29D C29B H29F 109.5 . . ?  
H29E C29B H29F 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O5A C1A C2A C3A -124.9(5) . . . . ?  
C14A C1A C2A C3A 117.0(5) . . . . ?  
C8A C1A C2A C3A -5.1(6) . . . . ?  
O5A C1A C2A C7A 52.6(6) . . . . ?  
C14A C1A C2A C7A -65.6(6) . . . . ?  
C8A C1A C2A C7A 172.4(4) . . . . ?  
C7A C2A C3A C4A -2.2(7) . . . . ?  
C1A C2A C3A C4A 175.4(4) . . . . ?  
C2A C3A C4A C5A -1.0(7) . . . . ?  
C26A O1A C5A C4A -9.8(7) . . . . ?  
C26A O1A C5A C6A 170.0(4) . . . . ?  
C3A C4A C5A O1A -176.5(4) . . . . ?  
C3A C4A C5A C6A 3.8(7) . . . . ?  
O1A C5A C6A C7A 176.8(4) . . . . ?  
C4A C5A C6A C7A -3.5(7) . . . . ?  
C27A O2A C7A C6A 6.1(7) . . . . ?  
C27A O2A C7A C2A -174.2(4) . . . . ?  
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C5A C6A C7A O2A 180.0(4) . . . . ?  
C5A C6A C7A C2A 0.2(7) . . . . ?  
C3A C2A C7A O2A -177.2(4) . . . . ?  
C1A C2A C7A O2A 5.2(6) . . . . ?  
C3A C2A C7A C6A 2.5(7) . . . . ?  
C1A C2A C7A C6A -175.1(4) . . . . ?  
O5A C1A C8A C9A -133.3(4) . . . . ?  
C14A C1A C8A C9A -18.0(6) . . . . ?  
C2A C1A C8A C9A 105.6(5) . . . . ?  
O5A C1A C8A C13A 50.8(6) . . . . ?  
C14A C1A C8A C13A 166.1(4) . . . . ?  
C2A C1A C8A C13A -70.3(5) . . . . ?  
C13A C8A C9A C10A -1.4(7) . . . . ?  
C1A C8A C9A C10A -177.5(4) . . . . ?  
C8A C9A C10A C11A 0.7(8) . . . . ?  
C28A O3A C11A C10A -178.3(5) . . . . ?  
C28A O3A C11A C12A 2.8(7) . . . . ?  
C9A C10A C11A O3A -178.9(4) . . . . ?  
C9A C10A C11A C12A 0.1(7) . . . . ?  
O3A C11A C12A C13A 178.8(5) . . . . ?  
C10A C11A C12A C13A 0.0(7) . . . . ?  
C29A O4A C13A C12A 0.5(7) . . . . ?  
C29A O4A C13A C8A -179.4(5) . . . . ?  
C11A C12A C13A O4A 179.3(4) . . . . ?  
C11A C12A C13A C8A -0.9(7) . . . . ?  
C9A C8A C13A O4A -178.6(4) . . . . ?  
C1A C8A C13A O4A -2.5(7) . . . . ?  
C9A C8A C13A C12A 1.5(7) . . . . ?  
C1A C8A C13A C12A 177.6(4) . . . . ?  
O5A C1A C14A C19A -158.2(4) . . . . ?  
C2A C1A C14A C19A -37.3(6) . . . . ?  
C8A C1A C14A C19A 84.9(5) . . . . ?  
O5A C1A C14A C15A 28.2(5) . . . . ?  
C2A C1A C14A C15A 149.1(4) . . . . ?  
C8A C1A C14A C15A -88.7(5) . . . . ?  
C19A C14A C15A C16A 0.2(7) . . . . ?  
C1A C14A C15A C16A 174.0(4) . . . . ?  
C14A C15A C16A C17A -2.4(7) . . . . ?  
C15A C16A C17A C18A 3.3(7) . . . . ?  
C15A C16A C17A C20A -177.2(4) . . . . ?  
C16A C17A C18A C19A -2.2(7) . . . . ?  
C20A C17A C18A C19A 178.3(4) . . . . ?  
C15A C14A C19A C18A 0.9(7) . . . . ?  
C1A C14A C19A C18A -172.9(4) . . . . ?  
C17A C18A C19A C14A 0.1(7) . . . . ?  
C16A C17A C20A C21A -150.9(5) . . . . ?  
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C18A C17A C20A C21A 28.5(7) . . . . ?  
C16A C17A C20A C25A 29.2(7) . . . . ?  
C18A C17A C20A C25A -151.4(5) . . . . ?  
C25A C20A C21A C22A -0.2(7) . . . . ?  
C17A C20A C21A C22A 179.9(5) . . . . ?  
C20A C21A C22A C23A -0.3(8) . . . . ?  
C21A C22A C23A C24A 1.3(8) . . . . ?  
C22A C23A C24A C25A -1.8(8) . . . . ?  
C23A C24A C25A C20A 1.3(9) . . . . ?  
C21A C20A C25A C24A -0.3(8) . . . . ?  
C17A C20A C25A C24A 179.6(5) . . . . ?  
O5B C1B C2B C3B -132.4(4) . . . . ?  
C14B C1B C2B C3B 109.3(5) . . . . ?  
C8B C1B C2B C3B -13.4(6) . . . . ?  
O5B C1B C2B C7B 46.3(6) . . . . ?  
C14B C1B C2B C7B -71.9(5) . . . . ?  
C8B C1B C2B C7B 165.4(4) . . . . ?  
C7B C2B C3B C4B -1.7(7) . . . . ?  
C1B C2B C3B C4B 177.2(4) . . . . ?  
C2B C3B C4B C5B -1.9(7) . . . . ?  
C3B C4B C5B O1B -177.7(4) . . . . ?  
C3B C4B C5B C6B 3.6(7) . . . . ?  
C26B O1B C5B C4B -14.3(7) . . . . ?  
C26B O1B C5B C6B 164.5(4) . . . . ?  
C4B C5B C6B C7B -1.8(7) . . . . ?  
O1B C5B C6B C7B 179.4(4) . . . . ?  
C27B O2B C7B C6B 1.2(7) . . . . ?  
C27B O2B C7B C2B -179.8(4) . . . . ?  
C5B C6B C7B O2B 177.0(4) . . . . ?  
C5B C6B C7B C2B -2.0(7) . . . . ?  
C3B C2B C7B O2B -175.4(4) . . . . ?  
C1B C2B C7B O2B 5.7(6) . . . . ?  
C3B C2B C7B C6B 3.6(7) . . . . ?  
C1B C2B C7B C6B -175.3(4) . . . . ?  
O5B C1B C8B C9B -130.3(4) . . . . ?  
C14B C1B C8B C9B -15.8(6) . . . . ?  
C2B C1B C8B C9B 108.4(5) . . . . ?  
O5B C1B C8B C13B 52.1(5) . . . . ?  
C14B C1B C8B C13B 166.7(4) . . . . ?  
C2B C1B C8B C13B -69.1(5) . . . . ?  
C13B C8B C9B C10B -2.1(7) . . . . ?  
C1B C8B C9B C10B -179.7(4) . . . . ?  
C8B C9B C10B C11B 0.1(7) . . . . ?  
C28B O3B C11B C10B -0.9(7) . . . . ?  
C28B O3B C11B C12B -179.6(5) . . . . ?  
C9B C10B C11B O3B -177.0(4) . . . . ?  
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C9B C10B C11B C12B 1.6(7) . . . . ?  
O3B C11B C12B C13B 177.5(4) . . . . ?  
C10B C11B C12B C13B -1.3(7) . . . . ?  
C11B C12B C13B O4B 179.5(4) . . . . ?  
C11B C12B C13B C8B -0.8(7) . . . . ?  
C29B O4B C13B C12B -5.5(7) . . . . ?  
C29B O4B C13B C8B 174.8(4) . . . . ?  
C9B C8B C13B C12B 2.4(7) . . . . ?  
C1B C8B C13B C12B -179.8(4) . . . . ?  
C9B C8B C13B O4B -177.8(4) . . . . ?  
C1B C8B C13B O4B -0.1(6) . . . . ?  
O5B C1B C14B C19B -154.2(4) . . . . ?  
C2B C1B C14B C19B -32.7(6) . . . . ?  
C8B C1B C14B C19B 89.9(5) . . . . ?  
O5B C1B C14B C15B 30.9(5) . . . . ?  
C2B C1B C14B C15B 152.4(4) . . . . ?  
C8B C1B C14B C15B -85.0(5) . . . . ?  
C19B C14B C15B C16B -0.4(7) . . . . ?  
C1B C14B C15B C16B 174.6(4) . . . . ?  
C14B C15B C16B C17B -1.0(7) . . . . ?  
C15B C16B C17B C18B 2.0(7) . . . . ?  
C15B C16B C17B C20B -177.6(4) . . . . ?  
C16B C17B C18B C19B -1.6(7) . . . . ?  
C20B C17B C18B C19B 178.0(4) . . . . ?  
C15B C14B C19B C18B 0.8(7) . . . . ?  
C1B C14B C19B C18B -174.1(4) . . . . ?  
C17B C18B C19B C14B 0.2(7) . . . . ?  
C16B C17B C20B C25B -137.8(5) . . . . ?  
C18B C17B C20B C25B 42.6(7) . . . . ?  
C16B C17B C20B C21B 42.0(7) . . . . ?  
C18B C17B C20B C21B -137.6(5) . . . . ?  
C25B C20B C21B C22B -0.5(8) . . . . ?  
C17B C20B C21B C22B 179.7(5) . . . . ?  
C20B C21B C22B C23B 1.5(9) . . . . ?  
C21B C22B C23B C24B -0.9(9) . . . . ?  
C22B C23B C24B C25B -0.7(8) . . . . ?  
C23B C24B C25B C20B 1.7(8) . . . . ?  
C21B C20B C25B C24B -1.1(8) . . . . ?  
C17B C20B C25B C24B 178.7(5) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.984  
_diffrn_reflns_theta_full              25.07  
_diffrn_measured_fraction_theta_full   0.984  
_refine_diff_density_max    0.58  
_refine_diff_density_min   -0.34  
_refine_diff_density_rms    0.090  
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Figure B9.  Crystal structure of compound 2.13e 
 
Table  B9.  CIF data for compound 2.13e 
data_13e 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety        'C23 H23 N O7'  
_chemical_formula_sum           'C23 H23 N O7'  





 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P 21/c        ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    8.314(2)  
_cell_length_b                    18.175(5)  
_cell_length_c                    14.129(4)  
_cell_angle_alpha                 90 
_cell_angle_beta                  91.634(11)  
_cell_angle_gamma                 90 
_cell_volume                      2134.1(10)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     298 
_cell_measurement_reflns_used     4403 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        26.4 
  
_exptl_crystal_description        fragment 
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.35  
_exptl_crystal_size_mid           0.32  
_exptl_crystal_size_min           0.27  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.324  
_exptl_crystal_density_method     'not measured'  
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_exptl_crystal_F_000              896  
_exptl_absorpt_coefficient_mu     0.099  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 




 ?  
;  
  
_diffrn_ambient_temperature       298 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD ' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             8454  
_diffrn_reflns_av_R_equivalents   0.034  
_diffrn_reflns_av_sigmaI/netI     0.0468  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -22  
_diffrn_reflns_limit_k_max        22  
_diffrn_reflns_limit_l_min        -17  
_diffrn_reflns_limit_l_max        17  
_diffrn_reflns_theta_min          2.6  
_diffrn_reflns_theta_max          26.4  
_reflns_number_total              4355  
_reflns_number_gt                 2542  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 






 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0583P)^2^+0.2112P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0075(12)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          4355  
_refine_ls_number_parameters      288  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.097  
_refine_ls_R_factor_gt            0.045  
_refine_ls_wR_factor_ref          0.125  
_refine_ls_wR_factor_gt           0.105  
_refine_ls_goodness_of_fit_ref    1.001  
_refine_ls_restrained_S_all       1.001  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
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 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.1206(2) 0.55524(9) 0.37654(14) 0.0865(5) Uani 1 1 d . . .  
O2 O 0.19447(16) 0.80876(7) 0.44008(10) 0.0621(4) Uani 1 1 d . . .  
O3 O 0.76070(18) 0.86747(9) -0.04114(10) 0.0728(4) Uani 1 1 d . . .  
O4 O 0.68964(15) 0.77080(8) 0.26551(10) 0.0607(4) Uani 1 1 d . . .  
O5 O 0.25116(15) 0.88441(8) 0.27292(10) 0.0566(4) Uani 1 1 d . . .  
H5O H 0.207(3) 0.8871(13) 0.3266(17) 0.085 Uiso 1 1 d . . .  
O6 O 0.85822(19) 1.02723(9) 0.55829(11) 0.0765(5) Uani 1 1 d . . .  
O7 O 0.8543(2) 0.92742(10) 0.63975(13) 0.1005(6) Uani 1 1 d . . .  
N1 N 0.8122(2) 0.96411(11) 0.57136(13) 0.0626(5) Uani 1 1 d . . .  
C1 C 0.3863(2) 0.83545(10) 0.28729(14) 0.0467(5) Uani 1 1 d . . .  
C2 C 0.3224(2) 0.75830(10) 0.30923(14) 0.0481(5) Uani 1 1 d . . .  
C3 C 0.3489(2) 0.69780(11) 0.25264(15) 0.0557(5) Uani 1 1 d . . .  
H3 H 0.4126 0.7033 0.2001 0.067 Uiso 1 1 calc R . .  
C4 C 0.2837(3) 0.62887(12) 0.27133(17) 0.0637(6) Uani 1 1 d . . .  
H4 H 0.3031 0.5893 0.2316 0.076 Uiso 1 1 calc R . .  
C5 C 0.1906(2) 0.62018(11) 0.34903(16) 0.0604(6) Uani 1 1 d . . .  
C6 C 0.1608(2) 0.67913(11) 0.40727(15) 0.0567(5) Uani 1 1 d . . .  
H6 H 0.0977 0.6729 0.4600 0.068 Uiso 1 1 calc R . .  
C7 C 0.2243(2) 0.74722(10) 0.38766(14) 0.0510(5) Uani 1 1 d . . .  
C8 C 0.4788(2) 0.83931(10) 0.19508(13) 0.0463(5) Uani 1 1 d . . .  
C9 C 0.4183(2) 0.87669(11) 0.11688(14) 0.0530(5) Uani 1 1 d . . .  
H9 H 0.3145 0.8956 0.1185 0.064 Uiso 1 1 calc R . .  
C10 C 0.5060(2) 0.88724(11) 0.03583(14) 0.0584(5) Uani 1 1 d . . .  
H10 H 0.4612 0.9126 -0.0157 0.070 Uiso 1 1 calc R . .  
C11 C 0.6603(2) 0.85965(11) 0.03272(14) 0.0527(5) Uani 1 1 d . . .  
C12 C 0.7237(2) 0.82064(10) 0.10933(14) 0.0512(5) Uani 1 1 d . . .  
H12 H 0.8272 0.8015 0.1070 0.061 Uiso 1 1 calc R . .  
C13 C 0.6345(2) 0.81007(10) 0.18895(13) 0.0471(5) Uani 1 1 d . . .  
C14 C 0.4958(2) 0.86766(10) 0.36697(13) 0.0455(4) Uani 1 1 d . . .  
C15 C 0.5405(2) 0.94097(10) 0.36033(14) 0.0534(5) Uani 1 1 d . . .  
H15 H 0.4997 0.9692 0.3103 0.064 Uiso 1 1 calc R . .  
C16 C 0.6440(2) 0.97278(11) 0.42631(14) 0.0567(5) Uani 1 1 d . . .  
H16 H 0.6744 1.0218 0.4204 0.068 Uiso 1 1 calc R . .  
C17 C 0.7014(2) 0.93111(10) 0.50074(13) 0.0494(5) Uani 1 1 d . . .  
C18 C 0.6565(2) 0.85871(11) 0.51114(14) 0.0558(5) Uani 1 1 d . . .  
H18 H 0.6940 0.8314 0.5629 0.067 Uiso 1 1 calc R . .  
C19 C 0.5553(2) 0.82744(10) 0.44368(14) 0.0535(5) Uani 1 1 d . . .  
H19 H 0.5261 0.7783 0.4497 0.064 Uiso 1 1 calc R . .  
C20 C 0.1316(3) 0.49384(13) 0.3166(2) 0.1032(10) Uani 1 1 d . . .  
H20A H 0.0888 0.5062 0.2548 0.155 Uiso 1 1 calc R . .  
H20B H 0.0712 0.4538 0.3420 0.155 Uiso 1 1 calc R . .  
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H20C H 0.2423 0.4796 0.3120 0.155 Uiso 1 1 calc R . .  
C21 C 0.1098(3) 0.80096(15) 0.52491(16) 0.0822(7) Uani 1 1 d . . .  
H21A H 0.0015 0.7855 0.5103 0.123 Uiso 1 1 calc R . .  
H21B H 0.1080 0.8473 0.5575 0.123 Uiso 1 1 calc R . .  
H21C H 0.1623 0.7648 0.5645 0.123 Uiso 1 1 calc R . .  
C22 C 0.7087(3) 0.91207(16) -0.11896(18) 0.0963(9) Uani 1 1 d . . .  
H22A H 0.6154 0.8903 -0.1492 0.144 Uiso 1 1 calc R . .  
H22B H 0.7933 0.9156 -0.1636 0.144 Uiso 1 1 calc R . .  
H22C H 0.6823 0.9603 -0.0966 0.144 Uiso 1 1 calc R . .  
C23 C 0.8563(3) 0.75666(16) 0.2755(2) 0.0900(8) Uani 1 1 d . . .  
H23A H 0.8876 0.7222 0.2280 0.135 Uiso 1 1 calc R . .  
H23B H 0.8798 0.7365 0.3371 0.135 Uiso 1 1 calc R . .  
H23C H 0.9149 0.8017 0.2682 0.135 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0867(11) 0.0518(9) 0.1212(14) 0.0068(10) 0.0077(10) -0.0113(8)  
O2 0.0613(9) 0.0562(9) 0.0700(9) -0.0044(7) 0.0208(7) -0.0017(7)  
O3 0.0745(10) 0.0865(11) 0.0585(9) 0.0023(8) 0.0191(8) 0.0001(8)  
O4 0.0496(8) 0.0684(9) 0.0641(9) 0.0086(7) 0.0017(6) 0.0179(7)  
O5 0.0475(8) 0.0574(8) 0.0651(9) 0.0031(7) 0.0057(6) 0.0141(6)  
O6 0.0867(11) 0.0621(10) 0.0812(11) -0.0191(9) 0.0081(8) -0.0179(8)  
O7 0.1361(17) 0.0863(13) 0.0767(12) 0.0002(11) -0.0379(11) -0.0140(11)  
N1 0.0695(12) 0.0603(12) 0.0583(12) -0.0121(10) 0.0044(9) 0.0012(9)  
C1 0.0408(10) 0.0450(10) 0.0544(11) -0.0003(9) 0.0037(8) 0.0078(8)  
C2 0.0390(10) 0.0480(11) 0.0572(12) -0.0008(9) -0.0006(8) 0.0022(8)  
C3 0.0549(12) 0.0517(12) 0.0606(12) -0.0053(10) 0.0029(9) 0.0005(10)  
C4 0.0654(13) 0.0472(12) 0.0782(15) -0.0101(11) -0.0048(12) 0.0009(10)  
C5 0.0543(12) 0.0460(12) 0.0805(16) 0.0075(11) -0.0078(11) -0.0008(10)  
C6 0.0457(11) 0.0569(13) 0.0675(14) 0.0102(11) 0.0013(10) -0.0008(9)  
C7 0.0413(10) 0.0497(12) 0.0619(13) -0.0010(10) 0.0014(9) 0.0034(9)  
C8 0.0419(10) 0.0438(10) 0.0534(11) -0.0035(9) 0.0023(8) 0.0014(8)  
C9 0.0465(11) 0.0565(12) 0.0558(12) 0.0008(10) -0.0022(9) 0.0025(9)  
C10 0.0576(12) 0.0646(13) 0.0526(12) 0.0031(10) -0.0053(10) -0.0001(10)  
C11 0.0543(12) 0.0524(12) 0.0517(12) -0.0092(10) 0.0074(9) -0.0075(9)  
C12 0.0452(10) 0.0486(11) 0.0599(13) -0.0101(10) 0.0054(9) 0.0008(9)  
C13 0.0456(10) 0.0432(10) 0.0523(11) -0.0039(9) -0.0005(9) 0.0039(8)  
C14 0.0431(10) 0.0405(10) 0.0533(11) -0.0008(9) 0.0077(8) 0.0043(8)  
C15 0.0625(12) 0.0461(11) 0.0517(12) 0.0057(10) 0.0024(10) 0.0002(9)  
C16 0.0694(13) 0.0417(11) 0.0595(13) 0.0010(10) 0.0082(10) -0.0066(10)  
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C17 0.0499(11) 0.0484(12) 0.0501(11) -0.0094(9) 0.0062(9) 0.0002(9)  
C18 0.0626(12) 0.0482(12) 0.0563(12) 0.0042(10) -0.0042(10) 0.0032(10)  
C19 0.0557(11) 0.0396(11) 0.0651(13) 0.0041(9) -0.0011(10) -0.0017(9)  
C20 0.105(2) 0.0481(15) 0.156(3) 0.0025(17) -0.002(2) -0.0018(14)  
C21 0.0992(18) 0.0843(17) 0.0644(15) -0.0060(13) 0.0240(13) -0.0051(14)  
C22 0.102(2) 0.119(2) 0.0692(17) 0.0224(16) 0.0225(14) 0.0004(17)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C5 1.377(3) . ?  
O1 C20 1.406(3) . ?  
O2 C7 1.368(2) . ?  
O2 C21 1.415(2) . ?  
O3 C11 1.362(2) . ?  
O3 C22 1.423(3) . ?  
O4 C13 1.364(2) . ?  
O4 C23 1.413(3) . ?  
O5 C1 1.443(2) . ?  
O5 H5O 0.85(2) . ?  
O6 N1 1.225(2) . ?  
O7 N1 1.217(2) . ?  
N1 C17 1.467(3) . ?  
C1 C8 1.534(3) . ?  
C1 C2 1.534(3) . ?  
C1 C14 1.543(3) . ?  
C2 C3 1.381(3) . ?  
C2 C7 1.409(3) . ?  
C3 C4 1.393(3) . ?  
C3 H3 0.9300 . ?  
C4 C5 1.370(3) . ?  
C4 H4 0.9300 . ?  
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C5 C6 1.378(3) . ?  
C6 C7 1.376(3) . ?  
C6 H6 0.9300 . ?  
C8 C9 1.380(3) . ?  
C8 C13 1.404(2) . ?  
C9 C10 1.388(3) . ?  
C9 H9 0.9300 . ?  
C10 C11 1.380(3) . ?  
C10 H10 0.9300 . ?  
C11 C12 1.386(3) . ?  
C12 C13 1.379(3) . ?  
C12 H12 0.9300 . ?  
C14 C19 1.387(3) . ?  
C14 C15 1.387(3) . ?  
C15 C16 1.378(3) . ?  
C15 H15 0.9300 . ?  
C16 C17 1.371(3) . ?  
C16 H16 0.9300 . ?  
C17 C18 1.377(3) . ?  
C18 C19 1.376(3) . ?  
C18 H18 0.9300 . ?  
C19 H19 0.9300 . ?  
C20 H20A 0.9600 . ?  
C20 H20B 0.9600 . ?  
C20 H20C 0.9600 . ?  
C21 H21A 0.9600 . ?  
C21 H21B 0.9600 . ?  
C21 H21C 0.9600 . ?  
C22 H22A 0.9600 . ?  
C22 H22B 0.9600 . ?  
C22 H22C 0.9600 . ?  
C23 H23A 0.9600 . ?  
C23 H23B 0.9600 . ?  
C23 H23C 0.9600 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C5 O1 C20 118.4(2) . . ?  
C7 O2 C21 118.63(16) . . ?  
C11 O3 C22 118.16(18) . . ?  
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C13 O4 C23 118.76(17) . . ?  
C1 O5 H5O 105.2(17) . . ?  
O7 N1 O6 123.3(2) . . ?  
O7 N1 C17 118.47(19) . . ?  
O6 N1 C17 118.25(19) . . ?  
O5 C1 C8 105.05(15) . . ?  
O5 C1 C2 108.63(14) . . ?  
C8 C1 C2 113.48(15) . . ?  
O5 C1 C14 108.03(14) . . ?  
C8 C1 C14 107.62(14) . . ?  
C2 C1 C14 113.57(16) . . ?  
C3 C2 C7 116.53(17) . . ?  
C3 C2 C1 123.31(17) . . ?  
C7 C2 C1 120.07(16) . . ?  
C2 C3 C4 122.49(19) . . ?  
C2 C3 H3 118.8 . . ?  
C4 C3 H3 118.8 . . ?  
C5 C4 C3 119.1(2) . . ?  
C5 C4 H4 120.4 . . ?  
C3 C4 H4 120.4 . . ?  
C4 C5 O1 125.3(2) . . ?  
C4 C5 C6 120.27(19) . . ?  
O1 C5 C6 114.4(2) . . ?  
C7 C6 C5 120.16(19) . . ?  
C7 C6 H6 119.9 . . ?  
C5 C6 H6 119.9 . . ?  
O2 C7 C6 123.33(17) . . ?  
O2 C7 C2 115.26(16) . . ?  
C6 C7 C2 121.38(18) . . ?  
C9 C8 C13 116.93(17) . . ?  
C9 C8 C1 121.50(16) . . ?  
C13 C8 C1 121.38(16) . . ?  
C8 C9 C10 122.71(18) . . ?  
C8 C9 H9 118.6 . . ?  
C10 C9 H9 118.6 . . ?  
C11 C10 C9 119.13(19) . . ?  
C11 C10 H10 120.4 . . ?  
C9 C10 H10 120.4 . . ?  
O3 C11 C10 125.26(19) . . ?  
O3 C11 C12 115.09(17) . . ?  
C10 C11 C12 119.65(18) . . ?  
C13 C12 C11 120.47(17) . . ?  
C13 C12 H12 119.8 . . ?  
C11 C12 H12 119.8 . . ?  
O4 C13 C12 122.90(16) . . ?  
O4 C13 C8 116.03(16) . . ?  
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C12 C13 C8 121.07(17) . . ?  
C19 C14 C15 117.97(18) . . ?  
C19 C14 C1 124.06(16) . . ?  
C15 C14 C1 117.95(17) . . ?  
C16 C15 C14 121.38(18) . . ?  
C16 C15 H15 119.3 . . ?  
C14 C15 H15 119.3 . . ?  
C17 C16 C15 118.98(18) . . ?  
C17 C16 H16 120.5 . . ?  
C15 C16 H16 120.5 . . ?  
C16 C17 C18 121.36(18) . . ?  
C16 C17 N1 119.62(18) . . ?  
C18 C17 N1 119.02(18) . . ?  
C19 C18 C17 118.88(19) . . ?  
C19 C18 H18 120.6 . . ?  
C17 C18 H18 120.6 . . ?  
C18 C19 C14 121.40(18) . . ?  
C18 C19 H19 119.3 . . ?  
C14 C19 H19 119.3 . . ?  
O1 C20 H20A 109.5 . . ?  
O1 C20 H20B 109.5 . . ?  
H20A C20 H20B 109.5 . . ?  
O1 C20 H20C 109.5 . . ?  
H20A C20 H20C 109.5 . . ?  
H20B C20 H20C 109.5 . . ?  
O2 C21 H21A 109.5 . . ?  
O2 C21 H21B 109.5 . . ?  
H21A C21 H21B 109.5 . . ?  
O2 C21 H21C 109.5 . . ?  
H21A C21 H21C 109.5 . . ?  
H21B C21 H21C 109.5 . . ?  
O3 C22 H22A 109.5 . . ?  
O3 C22 H22B 109.5 . . ?  
H22A C22 H22B 109.5 . . ?  
O3 C22 H22C 109.5 . . ?  
H22A C22 H22C 109.5 . . ?  
H22B C22 H22C 109.5 . . ?  
O4 C23 H23A 109.5 . . ?  
O4 C23 H23B 109.5 . . ?  
H23A C23 H23B 109.5 . . ?  
O4 C23 H23C 109.5 . . ?  
H23A C23 H23C 109.5 . . ?  
H23B C23 H23C 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 338 
 
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O5 C1 C2 C3 117.88(19) . . . . ?  
C8 C1 C2 C3 1.4(3) . . . . ?  
C14 C1 C2 C3 -121.90(19) . . . . ?  
O5 C1 C2 C7 -58.6(2) . . . . ?  
C8 C1 C2 C7 -175.06(16) . . . . ?  
C14 C1 C2 C7 61.6(2) . . . . ?  
C7 C2 C3 C4 -0.4(3) . . . . ?  
C1 C2 C3 C4 -176.98(18) . . . . ?  
C2 C3 C4 C5 -0.5(3) . . . . ?  
C3 C4 C5 O1 -179.1(2) . . . . ?  
C3 C4 C5 C6 0.6(3) . . . . ?  
C20 O1 C5 C4 -6.2(3) . . . . ?  
C20 O1 C5 C6 174.0(2) . . . . ?  
C4 C5 C6 C7 0.1(3) . . . . ?  
O1 C5 C6 C7 179.87(18) . . . . ?  
C21 O2 C7 C6 7.6(3) . . . . ?  
C21 O2 C7 C2 -174.11(18) . . . . ?  
C5 C6 C7 O2 177.25(18) . . . . ?  
C5 C6 C7 C2 -1.0(3) . . . . ?  
C3 C2 C7 O2 -177.27(16) . . . . ?  
C1 C2 C7 O2 -0.5(3) . . . . ?  
C3 C2 C7 C6 1.1(3) . . . . ?  
C1 C2 C7 C6 177.80(18) . . . . ?  
O5 C1 C8 C9 -7.3(2) . . . . ?  
C2 C1 C8 C9 111.2(2) . . . . ?  
C14 C1 C8 C9 -122.23(19) . . . . ?  
O5 C1 C8 C13 167.49(16) . . . . ?  
C2 C1 C8 C13 -74.0(2) . . . . ?  
C14 C1 C8 C13 52.6(2) . . . . ?  
C13 C8 C9 C10 -1.5(3) . . . . ?  
C1 C8 C9 C10 173.51(18) . . . . ?  
C8 C9 C10 C11 -0.2(3) . . . . ?  
C22 O3 C11 C10 5.0(3) . . . . ?  
C22 O3 C11 C12 -174.9(2) . . . . ?  
C9 C10 C11 O3 -178.39(18) . . . . ?  
C9 C10 C11 C12 1.4(3) . . . . ?  
O3 C11 C12 C13 178.99(16) . . . . ?  
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C10 C11 C12 C13 -0.8(3) . . . . ?  
C23 O4 C13 C12 17.0(3) . . . . ?  
C23 O4 C13 C8 -163.43(19) . . . . ?  
C11 C12 C13 O4 178.55(17) . . . . ?  
C11 C12 C13 C8 -1.0(3) . . . . ?  
C9 C8 C13 O4 -177.46(16) . . . . ?  
C1 C8 C13 O4 7.5(3) . . . . ?  
C9 C8 C13 C12 2.1(3) . . . . ?  
C1 C8 C13 C12 -172.92(16) . . . . ?  
O5 C1 C14 C19 131.37(18) . . . . ?  
C8 C1 C14 C19 -115.68(19) . . . . ?  
C2 C1 C14 C19 10.8(2) . . . . ?  
O5 C1 C14 C15 -50.2(2) . . . . ?  
C8 C1 C14 C15 62.8(2) . . . . ?  
C2 C1 C14 C15 -170.74(16) . . . . ?  
C19 C14 C15 C16 1.6(3) . . . . ?  
C1 C14 C15 C16 -176.94(17) . . . . ?  
C14 C15 C16 C17 -1.1(3) . . . . ?  
C15 C16 C17 C18 -0.6(3) . . . . ?  
C15 C16 C17 N1 179.77(17) . . . . ?  
O7 N1 C17 C16 175.78(19) . . . . ?  
O6 N1 C17 C16 -4.5(3) . . . . ?  
O7 N1 C17 C18 -3.8(3) . . . . ?  
O6 N1 C17 C18 175.89(17) . . . . ?  
C16 C17 C18 C19 1.8(3) . . . . ?  
N1 C17 C18 C19 -178.64(17) . . . . ?  
C17 C18 C19 C14 -1.2(3) . . . . ?  
C15 C14 C19 C18 -0.5(3) . . . . ?  
C1 C14 C19 C18 178.01(17) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O5 H5O O2  0.85(2) 2.15(2) 2.785(2) 131(2) .  
O5 H5O O6  0.85(2) 2.33(2) 3.036(2) 141(2) 3_676  
  
_diffrn_measured_fraction_theta_max    0.997  
_diffrn_reflns_theta_full              26.4  
_diffrn_measured_fraction_theta_full   0.997  
_refine_diff_density_max    0.20  
 340 
 
_refine_diff_density_min   -0.15  
_refine_diff_density_rms    0.035  





Figure B10.  Crystal structure of compound 2.18 
 
Table  B10.  CIF data for compound 2.18 
data_18 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety       'C14 H19 B O4'  
 342 
 
_chemical_formula_sum          'C14 H19 B O4'  
_chemical_formula_weight          262.10  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'B'  'B'   0.0013   0.0007  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P 21/c        ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    24.683(3)  
_cell_length_b                    6.5797(10)  
_cell_length_c                    18.174(2)  
_cell_angle_alpha                 90 
_cell_angle_beta                  109.077(8)  
_cell_angle_gamma                 90 
_cell_volume                      2789.5(6)  
_cell_formula_units_Z             8  
_cell_measurement_temperature     105 
_cell_measurement_reflns_used     7052 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        27.9 
  
_exptl_crystal_description        'needle fragment' 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.50  
_exptl_crystal_size_mid           0.50  
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_exptl_crystal_size_min           0.40  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.248  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1120  
_exptl_absorpt_coefficient_mu     0.089  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 




 ?  
;  
  
_diffrn_ambient_temperature       105 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD with Oxford Cryostream' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             36634 
_diffrn_reflns_av_R_equivalents   0.025  
_diffrn_reflns_av_sigmaI/netI     0.0387  
_diffrn_reflns_limit_h_min        -32  
_diffrn_reflns_limit_h_max        32  
_diffrn_reflns_limit_k_min        -8  
_diffrn_reflns_limit_k_max        8  
_diffrn_reflns_limit_l_min        -23  
_diffrn_reflns_limit_l_max        23  
_diffrn_reflns_theta_min          2.7  
_diffrn_reflns_theta_max          27.9  
_reflns_number_total              6648  
_reflns_number_gt                 5092  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
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_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0413P)^2^+0.6673P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0018(5)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          6648  
_refine_ls_number_parameters      354  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.057  
_refine_ls_R_factor_gt            0.038  
_refine_ls_wR_factor_ref          0.096  
_refine_ls_wR_factor_gt           0.089  
_refine_ls_goodness_of_fit_ref    1.026  
_refine_ls_restrained_S_all       1.026  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
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 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1A O 0.14700(3) 0.55558(12) 0.29704(4) 0.02303(19) Uani 1 1 d . . .  
O2A O 0.17974(4) 0.27175(13) 0.25209(4) 0.02529(19) Uani 1 1 d . . .  
O3A O 0.02508(4) 0.88286(14) -0.10097(5) 0.0291(2) Uani 1 1 d . . .  
O4A O 0.02636(4) 0.56334(15) -0.14452(5) 0.0339(2) Uani 1 1 d . . .  
C1A C 0.18942(5) 0.46427(18) 0.36538(6) 0.0212(2) Uani 1 1 d . . .  
C2A C 0.19635(5) 0.24476(18) 0.33661(6) 0.0215(2) Uani 1 1 d . . .  
C3A C 0.24365(5) 0.5912(2) 0.38287(7) 0.0289(3) Uani 1 1 d . . .  
H3A1 H 0.2573 0.5880 0.3380 0.043 Uiso 1 1 calc R . .  
H3A2 H 0.2732 0.5356 0.4286 0.043 Uiso 1 1 calc R . .  
H3A3 H 0.2353 0.7319 0.3933 0.043 Uiso 1 1 calc R . .  
C4A C 0.16656(6) 0.4748(2) 0.43319(7) 0.0287(3) Uani 1 1 d . . .  
H4A1 H 0.1620 0.6173 0.4457 0.043 Uiso 1 1 calc R . .  
H4A2 H 0.1935 0.4076 0.4786 0.043 Uiso 1 1 calc R . .  
H4A3 H 0.1293 0.4062 0.4191 0.043 Uiso 1 1 calc R . .  
C5A C 0.25712(5) 0.1628(2) 0.36535(7) 0.0271(3) Uani 1 1 d . . .  
H5A1 H 0.2581 0.0285 0.3425 0.041 Uiso 1 1 calc R . .  
H5A2 H 0.2700 0.1514 0.4222 0.041 Uiso 1 1 calc R . .  
H5A3 H 0.2825 0.2556 0.3499 0.041 Uiso 1 1 calc R . .  
C6A C 0.15432(5) 0.09270(19) 0.35068(7) 0.0275(3) Uani 1 1 d . . .  
H6A1 H 0.1155 0.1500 0.3323 0.041 Uiso 1 1 calc R . .  
H6A2 H 0.1651 0.0635 0.4065 0.041 Uiso 1 1 calc R . .  
H6A3 H 0.1552 -0.0332 0.3223 0.041 Uiso 1 1 calc R . .  
C7A C 0.11570(5) 0.50938(18) 0.14777(7) 0.0214(2) Uani 1 1 d . . .  
C8A C 0.09678(5) 0.70899(19) 0.12893(7) 0.0238(3) Uani 1 1 d . . .  
H8A H 0.1019 0.8059 0.1694 0.029 Uiso 1 1 calc R . .  
C9A C 0.07065(5) 0.76810(19) 0.05214(7) 0.0237(3) Uani 1 1 d . . .  
H9A H 0.0584 0.9047 0.0403 0.028 Uiso 1 1 calc R . .  
C10A C 0.06242(5) 0.62681(19) -0.00748(6) 0.0220(2) Uani 1 1 d . . .  
C11A C 0.07962(5) 0.42614(19) 0.01029(7) 0.0244(3) Uani 1 1 d . . .  
H11A H 0.0729 0.3283 -0.0302 0.029 Uiso 1 1 calc R . .  
C12A C 0.10658(5) 0.36898(19) 0.08723(7) 0.0240(3) Uani 1 1 d . . .  
H12A H 0.1190 0.2325 0.0988 0.029 Uiso 1 1 calc R . .  
C13A C 0.03596(5) 0.6825(2) -0.09137(7) 0.0252(3) Uani 1 1 d . . .  
C14A C 0.00432(6) 0.9514(2) -0.18124(7) 0.0369(3) Uani 1 1 d . . .  
H14A H 0.0320 0.9140 -0.2072 0.055 Uiso 1 1 calc R . .  
H14B H -0.0004 1.0994 -0.1825 0.055 Uiso 1 1 calc R . .  
H14C H -0.0327 0.8872 -0.2082 0.055 Uiso 1 1 calc R . .  
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B1A B 0.14755(6) 0.4450(2) 0.23383(8) 0.0214(3) Uani 1 1 d . . .  
O1B O 0.31808(3) 0.52354(12) 0.61617(5) 0.02303(19) Uani 1 1 d . . .  
O2B O 0.35082(3) 0.84091(12) 0.60052(5) 0.02428(19) Uani 1 1 d . . .  
O3B O 0.47544(4) 0.11284(14) 0.38009(5) 0.0283(2) Uani 1 1 d . . .  
O4B O 0.47943(4) 0.42143(15) 0.32911(5) 0.0353(2) Uani 1 1 d . . .  
C1B C 0.30190(5) 0.65498(18) 0.67066(6) 0.0213(2) Uani 1 1 d . . .  
C2B C 0.30837(5) 0.87320(18) 0.64005(7) 0.0222(2) Uani 1 1 d . . .  
C3B C 0.24171(5) 0.5991(2) 0.66798(7) 0.0273(3) Uani 1 1 d . . .  
H3B1 H 0.2154 0.6135 0.6146 0.041 Uiso 1 1 calc R . .  
H3B2 H 0.2296 0.6895 0.7025 0.041 Uiso 1 1 calc R . .  
H3B3 H 0.2412 0.4580 0.6851 0.041 Uiso 1 1 calc R . .  
C4B C 0.34484(5) 0.6125(2) 0.75116(7) 0.0266(3) Uani 1 1 d . . .  
H4B1 H 0.3437 0.4679 0.7634 0.040 Uiso 1 1 calc R . .  
H4B2 H 0.3349 0.6939 0.7901 0.040 Uiso 1 1 calc R . .  
H4B3 H 0.3835 0.6485 0.7516 0.040 Uiso 1 1 calc R . .  
C5B C 0.25445(6) 0.9507(2) 0.57851(7) 0.0319(3) Uani 1 1 d . . .  
H5B1 H 0.2630 1.0776 0.5564 0.048 Uiso 1 1 calc R . .  
H5B2 H 0.2247 0.9755 0.6023 0.048 Uiso 1 1 calc R . .  
H5B3 H 0.2408 0.8490 0.5372 0.048 Uiso 1 1 calc R . .  
C6B C 0.33126(6) 1.0320(2) 0.70269(8) 0.0315(3) Uani 1 1 d . . .  
H6B1 H 0.3691 0.9902 0.7374 0.047 Uiso 1 1 calc R . .  
H6B2 H 0.3050 1.0463 0.7328 0.047 Uiso 1 1 calc R . .  
H6B3 H 0.3346 1.1625 0.6785 0.047 Uiso 1 1 calc R . .  
C7B C 0.38306(5) 0.54802(18) 0.53069(6) 0.0210(2) Uani 1 1 d . . .  
C8B C 0.39810(5) 0.67376(19) 0.47843(7) 0.0242(3) Uani 1 1 d . . .  
H8B H 0.3895 0.8147 0.4770 0.029 Uiso 1 1 calc R . .  
C9B C 0.42530(5) 0.59672(19) 0.42877(7) 0.0243(3) Uani 1 1 d . . .  
H9B H 0.4350 0.6845 0.3935 0.029 Uiso 1 1 calc R . .  
C10B C 0.43835(5) 0.39066(19) 0.43056(6) 0.0215(2) Uani 1 1 d . . .  
C11B C 0.42472(5) 0.26368(19) 0.48330(7) 0.0244(3) Uani 1 1 d . . .  
H11B H 0.4345 0.1236 0.4858 0.029 Uiso 1 1 calc R . .  
C12B C 0.39687(5) 0.34168(19) 0.53219(7) 0.0234(3) Uani 1 1 d . . .  
H12B H 0.3870 0.2535 0.5672 0.028 Uiso 1 1 calc R . .  
C13B C 0.46674(5) 0.3142(2) 0.37490(7) 0.0248(3) Uani 1 1 d . . .  
C14B C 0.50099(6) 0.0290(2) 0.32515(8) 0.0345(3) Uani 1 1 d . . .  
H14D H 0.4783 0.0699 0.2722 0.052 Uiso 1 1 calc R . .  
H14E H 0.5017 -0.1196 0.3289 0.052 Uiso 1 1 calc R . .  
H14F H 0.5402 0.0802 0.3373 0.052 Uiso 1 1 calc R . .  
B1B B 0.35046(6) 0.6385(2) 0.58378(7) 0.0214(3) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
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 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1A 0.0251(4) 0.0214(4) 0.0201(4) 0.0000(3) 0.0039(3) 0.0039(3)  
O2A 0.0328(5) 0.0239(4) 0.0188(4) 0.0004(3) 0.0078(3) 0.0055(4)  
O3A 0.0294(5) 0.0355(5) 0.0194(4) 0.0050(4) 0.0039(3) 0.0035(4)  
O4A 0.0329(5) 0.0451(6) 0.0207(4) -0.0058(4) 0.0047(4) 0.0034(4)  
C1A 0.0230(6) 0.0192(6) 0.0197(5) 0.0014(5) 0.0044(4) 0.0013(5)  
C2A 0.0262(6) 0.0193(6) 0.0191(5) 0.0007(5) 0.0077(4) 0.0013(5)  
C3A 0.0292(6) 0.0239(6) 0.0302(6) 0.0001(5) 0.0051(5) -0.0049(5)  
C4A 0.0351(7) 0.0283(7) 0.0234(6) -0.0006(5) 0.0105(5) 0.0030(5)  
C5A 0.0281(6) 0.0263(6) 0.0279(6) 0.0049(5) 0.0106(5) 0.0051(5)  
C6A 0.0291(6) 0.0228(6) 0.0287(6) 0.0006(5) 0.0069(5) -0.0024(5)  
C7A 0.0185(5) 0.0240(6) 0.0219(6) 0.0000(5) 0.0070(4) -0.0014(5)  
C8A 0.0243(6) 0.0240(6) 0.0216(6) -0.0030(5) 0.0056(5) 0.0000(5)  
C9A 0.0223(6) 0.0232(6) 0.0231(6) 0.0003(5) 0.0041(4) 0.0003(5)  
C10A 0.0168(5) 0.0286(6) 0.0203(5) -0.0009(5) 0.0056(4) -0.0016(5)  
C11A 0.0211(6) 0.0288(7) 0.0233(6) -0.0064(5) 0.0072(5) -0.0015(5)  
C12A 0.0227(6) 0.0233(6) 0.0256(6) -0.0014(5) 0.0072(5) 0.0000(5)  
C13A 0.0177(5) 0.0364(7) 0.0213(6) -0.0010(5) 0.0061(4) 0.0006(5)  
C14A 0.0345(7) 0.0511(9) 0.0219(6) 0.0093(6) 0.0047(5) 0.0076(7)  
B1A 0.0209(6) 0.0211(7) 0.0227(6) 0.0004(5) 0.0078(5) -0.0018(5)  
O1B 0.0282(4) 0.0195(4) 0.0242(4) -0.0036(3) 0.0123(3) -0.0012(3)  
O2B 0.0275(4) 0.0205(4) 0.0290(4) -0.0014(4) 0.0148(3) -0.0014(3)  
O3B 0.0293(5) 0.0310(5) 0.0300(5) -0.0061(4) 0.0170(4) -0.0011(4)  
O4B 0.0387(5) 0.0426(6) 0.0322(5) 0.0069(4) 0.0219(4) 0.0018(4)  
C1B 0.0243(6) 0.0195(6) 0.0209(5) -0.0025(5) 0.0086(5) -0.0002(5)  
C2B 0.0243(6) 0.0213(6) 0.0237(6) 0.0004(5) 0.0116(5) 0.0021(5)  
C3B 0.0278(6) 0.0308(7) 0.0256(6) -0.0023(5) 0.0118(5) -0.0032(5)  
C4B 0.0301(6) 0.0254(6) 0.0230(6) 0.0012(5) 0.0071(5) 0.0029(5)  
C5B 0.0337(7) 0.0331(7) 0.0300(7) 0.0073(6) 0.0121(5) 0.0103(6)  
C6B 0.0445(8) 0.0215(6) 0.0324(7) -0.0042(5) 0.0179(6) -0.0024(6)  
C7B 0.0191(5) 0.0225(6) 0.0210(5) -0.0004(5) 0.0057(4) -0.0008(5)  
C8B 0.0230(6) 0.0205(6) 0.0292(6) 0.0024(5) 0.0086(5) 0.0001(5)  
C9B 0.0219(6) 0.0280(6) 0.0236(6) 0.0060(5) 0.0082(5) -0.0010(5)  
C10B 0.0168(5) 0.0278(6) 0.0198(5) -0.0003(5) 0.0060(4) -0.0019(5)  
C11B 0.0272(6) 0.0205(6) 0.0276(6) -0.0006(5) 0.0119(5) -0.0004(5)  
C12B 0.0263(6) 0.0222(6) 0.0248(6) 0.0020(5) 0.0126(5) -0.0007(5)  
C13B 0.0186(5) 0.0333(7) 0.0224(6) -0.0007(5) 0.0065(4) -0.0018(5)  
C14B 0.0298(7) 0.0426(8) 0.0384(7) -0.0127(6) 0.0212(6) -0.0031(6)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
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 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1A B1A 1.3638(15) . ?  
O1A C1A 1.4662(13) . ?  
O2A B1A 1.3668(16) . ?  
O2A C2A 1.4654(13) . ?  
O3A C13A 1.3452(16) . ?  
O3A C14A 1.4510(14) . ?  
O4A C13A 1.2060(15) . ?  
C1A C4A 1.5156(17) . ?  
C1A C3A 1.5206(17) . ?  
C1A C2A 1.5643(16) . ?  
C2A C5A 1.5172(16) . ?  
C2A C6A 1.5219(17) . ?  
C3A H3A1 0.9800 . ?  
C3A H3A2 0.9800 . ?  
C3A H3A3 0.9800 . ?  
C4A H4A1 0.9800 . ?  
C4A H4A2 0.9800 . ?  
C4A H4A3 0.9800 . ?  
C5A H5A1 0.9800 . ?  
C5A H5A2 0.9800 . ?  
C5A H5A3 0.9800 . ?  
C6A H6A1 0.9800 . ?  
C6A H6A2 0.9800 . ?  
C6A H6A3 0.9800 . ?  
C7A C12A 1.3974(16) . ?  
C7A C8A 1.3985(17) . ?  
C7A B1A 1.5620(17) . ?  
C8A C9A 1.3880(16) . ?  
C8A H8A 0.9500 . ?  
C9A C10A 1.3913(16) . ?  
C9A H9A 0.9500 . ?  
C10A C11A 1.3922(17) . ?  
C10A C13A 1.4948(16) . ?  
C11A C12A 1.3898(16) . ?  
C11A H11A 0.9500 . ?  
 349 
 
C12A H12A 0.9500 . ?  
C14A H14A 0.9800 . ?  
C14A H14B 0.9800 . ?  
C14A H14C 0.9800 . ?  
O1B B1B 1.3659(16) . ?  
O1B C1B 1.4651(14) . ?  
O2B B1B 1.3652(16) . ?  
O2B C2B 1.4669(14) . ?  
O3B C13B 1.3407(16) . ?  
O3B C14B 1.4527(14) . ?  
O4B C13B 1.2077(15) . ?  
C1B C3B 1.5159(17) . ?  
C1B C4B 1.5257(16) . ?  
C1B C2B 1.5667(16) . ?  
C2B C6B 1.5123(17) . ?  
C2B C5B 1.5196(17) . ?  
C3B H3B1 0.9800 . ?  
C3B H3B2 0.9800 . ?  
C3B H3B3 0.9800 . ?  
C4B H4B1 0.9800 . ?  
C4B H4B2 0.9800 . ?  
C4B H4B3 0.9800 . ?  
C5B H5B1 0.9800 . ?  
C5B H5B2 0.9800 . ?  
C5B H5B3 0.9800 . ?  
C6B H6B1 0.9800 . ?  
C6B H6B2 0.9800 . ?  
C6B H6B3 0.9800 . ?  
C7B C12B 1.3980(17) . ?  
C7B C8B 1.3982(16) . ?  
C7B B1B 1.5621(17) . ?  
C8B C9B 1.3850(17) . ?  
C8B H8B 0.9500 . ?  
C9B C10B 1.3915(18) . ?  
C9B H9B 0.9500 . ?  
C10B C11B 1.3930(16) . ?  
C10B C13B 1.4936(16) . ?  
C11B C12B 1.3872(17) . ?  
C11B H11B 0.9500 . ?  
C12B H12B 0.9500 . ?  
C14B H14D 0.9800 . ?  
C14B H14E 0.9800 . ?  
C14B H14F 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
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 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
B1A O1A C1A 107.09(9) . . ?  
B1A O2A C2A 107.27(9) . . ?  
C13A O3A C14A 115.15(10) . . ?  
O1A C1A C4A 108.51(9) . . ?  
O1A C1A C3A 106.74(9) . . ?  
C4A C1A C3A 109.95(10) . . ?  
O1A C1A C2A 102.77(8) . . ?  
C4A C1A C2A 115.11(10) . . ?  
C3A C1A C2A 113.10(10) . . ?  
O2A C2A C5A 108.08(9) . . ?  
O2A C2A C6A 106.46(9) . . ?  
C5A C2A C6A 111.10(10) . . ?  
O2A C2A C1A 102.40(8) . . ?  
C5A C2A C1A 114.64(10) . . ?  
C6A C2A C1A 113.32(10) . . ?  
C1A C3A H3A1 109.5 . . ?  
C1A C3A H3A2 109.5 . . ?  
H3A1 C3A H3A2 109.5 . . ?  
C1A C3A H3A3 109.5 . . ?  
H3A1 C3A H3A3 109.5 . . ?  
H3A2 C3A H3A3 109.5 . . ?  
C1A C4A H4A1 109.5 . . ?  
C1A C4A H4A2 109.5 . . ?  
H4A1 C4A H4A2 109.5 . . ?  
C1A C4A H4A3 109.5 . . ?  
H4A1 C4A H4A3 109.5 . . ?  
H4A2 C4A H4A3 109.5 . . ?  
C2A C5A H5A1 109.5 . . ?  
C2A C5A H5A2 109.5 . . ?  
H5A1 C5A H5A2 109.5 . . ?  
C2A C5A H5A3 109.5 . . ?  
H5A1 C5A H5A3 109.5 . . ?  
H5A2 C5A H5A3 109.5 . . ?  
C2A C6A H6A1 109.5 . . ?  
C2A C6A H6A2 109.5 . . ?  
H6A1 C6A H6A2 109.5 . . ?  
C2A C6A H6A3 109.5 . . ?  
H6A1 C6A H6A3 109.5 . . ?  
H6A2 C6A H6A3 109.5 . . ?  
C12A C7A C8A 118.23(11) . . ?  
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C12A C7A B1A 120.52(11) . . ?  
C8A C7A B1A 121.23(11) . . ?  
C9A C8A C7A 121.17(11) . . ?  
C9A C8A H8A 119.4 . . ?  
C7A C8A H8A 119.4 . . ?  
C8A C9A C10A 119.83(11) . . ?  
C8A C9A H9A 120.1 . . ?  
C10A C9A H9A 120.1 . . ?  
C9A C10A C11A 119.82(11) . . ?  
C9A C10A C13A 122.30(11) . . ?  
C11A C10A C13A 117.87(11) . . ?  
C12A C11A C10A 119.96(11) . . ?  
C12A C11A H11A 120.0 . . ?  
C10A C11A H11A 120.0 . . ?  
C11A C12A C7A 120.95(11) . . ?  
C11A C12A H12A 119.5 . . ?  
C7A C12A H12A 119.5 . . ?  
O4A C13A O3A 123.69(11) . . ?  
O4A C13A C10A 124.29(12) . . ?  
O3A C13A C10A 112.01(10) . . ?  
O3A C14A H14A 109.5 . . ?  
O3A C14A H14B 109.5 . . ?  
H14A C14A H14B 109.5 . . ?  
O3A C14A H14C 109.5 . . ?  
H14A C14A H14C 109.5 . . ?  
H14B C14A H14C 109.5 . . ?  
O1A B1A O2A 113.92(10) . . ?  
O1A B1A C7A 123.94(11) . . ?  
O2A B1A C7A 122.12(11) . . ?  
B1B O1B C1B 106.95(9) . . ?  
B1B O2B C2B 107.26(9) . . ?  
C13B O3B C14B 114.98(10) . . ?  
O1B C1B C3B 108.40(9) . . ?  
O1B C1B C4B 106.42(9) . . ?  
C3B C1B C4B 110.65(10) . . ?  
O1B C1B C2B 102.66(8) . . ?  
C3B C1B C2B 115.06(10) . . ?  
C4B C1B C2B 112.88(10) . . ?  
O2B C2B C6B 108.53(10) . . ?  
O2B C2B C5B 106.39(9) . . ?  
C6B C2B C5B 110.12(11) . . ?  
O2B C2B C1B 102.31(9) . . ?  
C6B C2B C1B 114.99(10) . . ?  
C5B C2B C1B 113.73(10) . . ?  
C1B C3B H3B1 109.5 . . ?  
C1B C3B H3B2 109.5 . . ?  
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H3B1 C3B H3B2 109.5 . . ?  
C1B C3B H3B3 109.5 . . ?  
H3B1 C3B H3B3 109.5 . . ?  
H3B2 C3B H3B3 109.5 . . ?  
C1B C4B H4B1 109.5 . . ?  
C1B C4B H4B2 109.5 . . ?  
H4B1 C4B H4B2 109.5 . . ?  
C1B C4B H4B3 109.5 . . ?  
H4B1 C4B H4B3 109.5 . . ?  
H4B2 C4B H4B3 109.5 . . ?  
C2B C5B H5B1 109.5 . . ?  
C2B C5B H5B2 109.5 . . ?  
H5B1 C5B H5B2 109.5 . . ?  
C2B C5B H5B3 109.5 . . ?  
H5B1 C5B H5B3 109.5 . . ?  
H5B2 C5B H5B3 109.5 . . ?  
C2B C6B H6B1 109.5 . . ?  
C2B C6B H6B2 109.5 . . ?  
H6B1 C6B H6B2 109.5 . . ?  
C2B C6B H6B3 109.5 . . ?  
H6B1 C6B H6B3 109.5 . . ?  
H6B2 C6B H6B3 109.5 . . ?  
C12B C7B C8B 118.07(11) . . ?  
C12B C7B B1B 122.00(10) . . ?  
C8B C7B B1B 119.91(11) . . ?  
C9B C8B C7B 121.27(12) . . ?  
C9B C8B H8B 119.4 . . ?  
C7B C8B H8B 119.4 . . ?  
C8B C9B C10B 119.94(11) . . ?  
C8B C9B H9B 120.0 . . ?  
C10B C9B H9B 120.0 . . ?  
C9B C10B C11B 119.63(11) . . ?  
C9B C10B C13B 117.94(11) . . ?  
C11B C10B C13B 122.43(11) . . ?  
C12B C11B C10B 120.03(11) . . ?  
C12B C11B H11B 120.0 . . ?  
C10B C11B H11B 120.0 . . ?  
C11B C12B C7B 121.04(11) . . ?  
C11B C12B H12B 119.5 . . ?  
C7B C12B H12B 119.5 . . ?  
O4B C13B O3B 123.65(11) . . ?  
O4B C13B C10B 123.69(12) . . ?  
O3B C13B C10B 112.64(10) . . ?  
O3B C14B H14D 109.5 . . ?  
O3B C14B H14E 109.5 . . ?  
H14D C14B H14E 109.5 . . ?  
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O3B C14B H14F 109.5 . . ?  
H14D C14B H14F 109.5 . . ?  
H14E C14B H14F 109.5 . . ?  
O2B B1B O1B 113.98(11) . . ?  
O2B B1B C7B 122.84(11) . . ?  
O1B B1B C7B 123.17(11) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
B1A O1A C1A C4A -143.12(10) . . . . ?  
B1A O1A C1A C3A 98.43(11) . . . . ?  
B1A O1A C1A C2A -20.80(11) . . . . ?  
B1A O2A C2A C5A -142.35(10) . . . . ?  
B1A O2A C2A C6A 98.21(11) . . . . ?  
B1A O2A C2A C1A -20.97(11) . . . . ?  
O1A C1A C2A O2A 25.09(10) . . . . ?  
C4A C1A C2A O2A 142.84(10) . . . . ?  
C3A C1A C2A O2A -89.61(11) . . . . ?  
O1A C1A C2A C5A 141.86(10) . . . . ?  
C4A C1A C2A C5A -100.39(12) . . . . ?  
C3A C1A C2A C5A 27.16(13) . . . . ?  
O1A C1A C2A C6A -89.16(11) . . . . ?  
C4A C1A C2A C6A 28.59(14) . . . . ?  
C3A C1A C2A C6A 156.14(10) . . . . ?  
C12A C7A C8A C9A -1.29(18) . . . . ?  
B1A C7A C8A C9A 177.25(11) . . . . ?  
C7A C8A C9A C10A 0.66(18) . . . . ?  
C8A C9A C10A C11A 1.02(17) . . . . ?  
C8A C9A C10A C13A -178.35(11) . . . . ?  
C9A C10A C11A C12A -2.04(17) . . . . ?  
C13A C10A C11A C12A 177.35(11) . . . . ?  
C10A C11A C12A C7A 1.41(18) . . . . ?  
C8A C7A C12A C11A 0.25(17) . . . . ?  
B1A C7A C12A C11A -178.30(11) . . . . ?  
C14A O3A C13A O4A -4.24(17) . . . . ?  
C14A O3A C13A C10A 174.50(10) . . . . ?  
C9A C10A C13A O4A -177.41(12) . . . . ?  
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C11A C10A C13A O4A 3.22(17) . . . . ?  
C9A C10A C13A O3A 3.86(16) . . . . ?  
C11A C10A C13A O3A -175.51(10) . . . . ?  
C1A O1A B1A O2A 8.52(13) . . . . ?  
C1A O1A B1A C7A -170.27(11) . . . . ?  
C2A O2A B1A O1A 8.92(13) . . . . ?  
C2A O2A B1A C7A -172.26(10) . . . . ?  
C12A C7A B1A O1A -164.62(11) . . . . ?  
C8A C7A B1A O1A 16.88(18) . . . . ?  
C12A C7A B1A O2A 16.68(18) . . . . ?  
C8A C7A B1A O2A -161.82(11) . . . . ?  
B1B O1B C1B C3B 143.98(10) . . . . ?  
B1B O1B C1B C4B -96.97(11) . . . . ?  
B1B O1B C1B C2B 21.82(11) . . . . ?  
B1B O2B C2B C6B 142.79(10) . . . . ?  
B1B O2B C2B C5B -98.74(11) . . . . ?  
B1B O2B C2B C1B 20.84(11) . . . . ?  
O1B C1B C2B O2B -25.64(10) . . . . ?  
C3B C1B C2B O2B -143.17(9) . . . . ?  
C4B C1B C2B O2B 88.52(11) . . . . ?  
O1B C1B C2B C6B -143.06(10) . . . . ?  
C3B C1B C2B C6B 99.40(12) . . . . ?  
C4B C1B C2B C6B -28.91(14) . . . . ?  
O1B C1B C2B C5B 88.66(11) . . . . ?  
C3B C1B C2B C5B -28.87(14) . . . . ?  
C4B C1B C2B C5B -157.18(10) . . . . ?  
C12B C7B C8B C9B 0.75(17) . . . . ?  
B1B C7B C8B C9B -177.82(11) . . . . ?  
C7B C8B C9B C10B -0.26(17) . . . . ?  
C8B C9B C10B C11B -1.01(17) . . . . ?  
C8B C9B C10B C13B 178.92(10) . . . . ?  
C9B C10B C11B C12B 1.77(17) . . . . ?  
C13B C10B C11B C12B -178.16(11) . . . . ?  
C10B C11B C12B C7B -1.28(18) . . . . ?  
C8B C7B C12B C11B 0.02(17) . . . . ?  
B1B C7B C12B C11B 178.56(11) . . . . ?  
C14B O3B C13B O4B -0.83(17) . . . . ?  
C14B O3B C13B C10B 177.77(9) . . . . ?  
C9B C10B C13B O4B 0.73(17) . . . . ?  
C11B C10B C13B O4B -179.34(12) . . . . ?  
C9B C10B C13B O3B -177.87(10) . . . . ?  
C11B C10B C13B O3B 2.06(16) . . . . ?  
C2B O2B B1B O1B -8.09(13) . . . . ?  
C2B O2B B1B C7B 170.54(10) . . . . ?  
C1B O1B B1B O2B -9.74(13) . . . . ?  
C1B O1B B1B C7B 171.63(10) . . . . ?  
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C12B C7B B1B O2B 160.52(11) . . . . ?  
C8B C7B B1B O2B -20.97(17) . . . . ?  
C12B C7B B1B O1B -20.98(18) . . . . ?  
C8B C7B B1B O1B 157.53(11) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.997  
_diffrn_reflns_theta_full              27.9  
_diffrn_measured_fraction_theta_full   0.997  
_refine_diff_density_max    0.30  
_refine_diff_density_min   -0.19  
_refine_diff_density_rms    0.038  





Figure B11.  Crystal structure of compound 2.19 
 
Table  B11.  CIF data for compound 2.19 
data_19 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety      'C31 H32 O6'  
_chemical_formula_sum         'C31 H32 O6'  





 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P 21/c        ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    11.720(4)  
_cell_length_b                    10.930(4)  
_cell_length_c                    19.726(10)  
_cell_angle_alpha                 90 
_cell_angle_beta                  90.018(13)  
_cell_angle_gamma                 90 
_cell_volume                      2526.9(18)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     105 
_cell_measurement_reflns_used     5692 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        26.4 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.42  
_exptl_crystal_size_mid           0.23  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.316  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1064  
_exptl_absorpt_coefficient_mu     0.090  
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_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 




 ?  
;  
  
_diffrn_ambient_temperature       105 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             17760 
_diffrn_reflns_av_R_equivalents   0.071  
_diffrn_reflns_av_sigmaI/netI     0.0874  
_diffrn_reflns_limit_h_min        -13  
_diffrn_reflns_limit_h_max        14  
_diffrn_reflns_limit_k_min        -12  
_diffrn_reflns_limit_k_max        13  
_diffrn_reflns_limit_l_min        -24  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          2.5  
_diffrn_reflns_theta_max          26.4  
_reflns_number_total              5058  
_reflns_number_gt                 3016  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 






 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0530P)^2^+0.9425P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0025(7)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          5058  
_refine_ls_number_parameters      341  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.116  
_refine_ls_R_factor_gt            0.057  
_refine_ls_wR_factor_ref          0.137  
_refine_ls_wR_factor_gt           0.117  
_refine_ls_goodness_of_fit_ref    1.020  
_refine_ls_restrained_S_all       1.020  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 360 
 
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.33039(15) 0.09912(14) 0.36069(10) 0.0336(5) Uani 1 1 d . . .  
O2 O 0.11805(13) 0.46569(15) 0.39495(10) 0.0299(5) Uani 1 1 d . . .  
O3 O 0.23697(15) 0.69493(16) 0.69564(10) 0.0364(5) Uani 1 1 d . . .  
O4 O 0.23115(14) 0.83117(14) 0.46555(10) 0.0315(5) Uani 1 1 d . . .  
O5 O 1.02597(15) 1.06256(16) 0.29822(11) 0.0400(5) Uani 1 1 d . . .  
O6 O 0.84388(14) 0.74101(16) 0.41908(11) 0.0374(5) Uani 1 1 d . . .  
C1 C 0.30900(19) 0.6111(2) 0.41402(13) 0.0209(6) Uani 1 1 d . . .  
H1 H 0.2458 0.6479 0.3867 0.025 Uiso 1 1 calc R . .  
C2 C 0.31786(19) 0.4753(2) 0.39514(13) 0.0215(6) Uani 1 1 d . . .  
C3 C 0.4213(2) 0.4166(2) 0.38934(13) 0.0226(6) Uani 1 1 d . . .  
H3 H 0.4891 0.4635 0.3936 0.027 Uiso 1 1 calc R . .  
C4 C 0.4308(2) 0.2914(2) 0.37753(13) 0.0252(6) Uani 1 1 d . . .  
H4 H 0.5036 0.2538 0.3738 0.030 Uiso 1 1 calc R . .  
C5 C 0.3323(2) 0.2230(2) 0.37141(14) 0.0243(6) Uani 1 1 d . . .  
C6 C 0.2257(2) 0.2793(2) 0.37540(14) 0.0253(6) Uani 1 1 d . . .  
H6 H 0.1580 0.2326 0.3697 0.030 Uiso 1 1 calc R . .  
C7 C 0.21920(19) 0.4038(2) 0.38770(13) 0.0235(6) Uani 1 1 d . . .  
C8 C 0.27943(19) 0.6263(2) 0.48862(13) 0.0219(6) Uani 1 1 d . . .  
C9 C 0.29190(19) 0.5339(2) 0.53516(14) 0.0236(6) Uani 1 1 d . . .  
H9 H 0.3108 0.4545 0.5191 0.028 Uiso 1 1 calc R . .  
C10 C 0.27831(19) 0.5504(2) 0.60459(14) 0.0267(6) Uani 1 1 d . . .  
H10 H 0.2876 0.4837 0.6350 0.032 Uiso 1 1 calc R . .  
C11 C 0.2510(2) 0.6657(2) 0.62851(14) 0.0270(6) Uani 1 1 d . . .  
C12 C 0.2336(2) 0.7618(2) 0.58300(15) 0.0282(6) Uani 1 1 d . . .  
H12 H 0.2130 0.8405 0.5993 0.034 Uiso 1 1 calc R . .  
C13 C 0.24633(19) 0.7424(2) 0.51428(15) 0.0255(6) Uani 1 1 d . . .  
C14 C 0.41995(19) 0.67765(19) 0.39537(13) 0.0216(6) Uani 1 1 d . . .  
C15 C 0.49615(19) 0.7169(2) 0.44480(14) 0.0225(6) Uani 1 1 d . . .  
H15 H 0.4775 0.7067 0.4913 0.027 Uiso 1 1 calc R . .  
C16 C 0.5994(2) 0.7711(2) 0.42703(14) 0.0235(6) Uani 1 1 d . . .  
H16 H 0.6500 0.7971 0.4618 0.028 Uiso 1 1 calc R . .  
C17 C 0.63023(19) 0.7879(2) 0.35987(13) 0.0221(6) Uani 1 1 d . . .  
C18 C 0.5530(2) 0.7478(2) 0.31038(14) 0.0248(6) Uani 1 1 d . . .  
H18 H 0.5717 0.7573 0.2638 0.030 Uiso 1 1 calc R . .  
C19 C 0.4499(2) 0.6947(2) 0.32795(14) 0.0246(6) Uani 1 1 d . . .  
H19 H 0.3989 0.6695 0.2933 0.030 Uiso 1 1 calc R . .  
C20 C 0.7363(2) 0.8538(2) 0.34042(14) 0.0254(6) Uani 1 1 d . . .  
C21 C 0.7338(2) 0.9420(2) 0.28987(14) 0.0288(6) Uani 1 1 d . . .  
H21 H 0.6646 0.9545 0.2658 0.035 Uiso 1 1 calc R . .  
C22 C 0.8282(2) 1.0129(2) 0.27281(15) 0.0293(6) Uani 1 1 d . . .  
H22 H 0.8235 1.0722 0.2377 0.035 Uiso 1 1 calc R . .  
C23 C 0.9281(2) 0.9953(2) 0.30782(14) 0.0299(6) Uani 1 1 d . . .  
C24 C 0.9367(2) 0.9044(2) 0.35704(15) 0.0299(6) Uani 1 1 d . . .  
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H24 H 1.0071 0.8901 0.3796 0.036 Uiso 1 1 calc R . .  
C25 C 0.8410(2) 0.8348(2) 0.37284(14) 0.0286(6) Uani 1 1 d . . .  
C26 C 0.4356(2) 0.0354(2) 0.37087(18) 0.0450(8) Uani 1 1 d . . .  
H26A H 0.4896 0.0579 0.3351 0.067 Uiso 1 1 calc R . .  
H26B H 0.4218 -0.0530 0.3694 0.067 Uiso 1 1 calc R . .  
H26C H 0.4675 0.0575 0.4151 0.067 Uiso 1 1 calc R . .  
C27 C 0.0152(2) 0.4027(2) 0.37724(17) 0.0392(8) Uani 1 1 d . . .  
H27A H 0.0188 0.3774 0.3296 0.059 Uiso 1 1 calc R . .  
H27B H -0.0502 0.4572 0.3839 0.059 Uiso 1 1 calc R . .  
H27C H 0.0067 0.3302 0.4061 0.059 Uiso 1 1 calc R . .  
C28 C 0.2604(3) 0.6005(3) 0.74359(16) 0.0430(8) Uani 1 1 d . . .  
H28A H 0.2102 0.5306 0.7350 0.065 Uiso 1 1 calc R . .  
H28B H 0.2471 0.6314 0.7895 0.065 Uiso 1 1 calc R . .  
H28C H 0.3402 0.5747 0.7392 0.065 Uiso 1 1 calc R . .  
C29 C 0.2043(3) 0.9516(2) 0.48933(17) 0.0452(8) Uani 1 1 d . . .  
H29A H 0.1328 0.9493 0.5151 0.068 Uiso 1 1 calc R . .  
H29B H 0.1957 1.0069 0.4505 0.068 Uiso 1 1 calc R . .  
H29C H 0.2660 0.9811 0.5186 0.068 Uiso 1 1 calc R . .  
C30 C 1.0222(3) 1.1543(2) 0.24662(17) 0.0424(8) Uani 1 1 d . . .  
H30A H 1.0075 1.1157 0.2026 0.064 Uiso 1 1 calc R . .  
H30B H 1.0954 1.1975 0.2451 0.064 Uiso 1 1 calc R . .  
H30C H 0.9611 1.2127 0.2568 0.064 Uiso 1 1 calc R . .  
C31 C 0.9485(2) 0.7151(3) 0.45306(17) 0.0419(8) Uani 1 1 d . . .  
H31A H 1.0081 0.6982 0.4195 0.063 Uiso 1 1 calc R . .  
H31B H 0.9385 0.6434 0.4824 0.063 Uiso 1 1 calc R . .  
H31C H 0.9707 0.7857 0.4807 0.063 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0353(11) 0.0180(9) 0.0476(14) -0.0036(8) -0.0047(9) 0.0006(7)  
O2 0.0161(9) 0.0258(9) 0.0478(13) -0.0047(8) -0.0017(8) -0.0015(7)  
O3 0.0387(11) 0.0391(11) 0.0314(13) -0.0065(9) 0.0043(9) -0.0007(9)  
O4 0.0369(11) 0.0205(9) 0.0370(13) 0.0003(8) 0.0074(9) 0.0037(7)  
O5 0.0314(11) 0.0397(11) 0.0490(15) 0.0050(10) 0.0056(10) -0.0124(8)  
O6 0.0279(10) 0.0380(11) 0.0463(14) 0.0148(10) -0.0035(9) -0.0013(8)  
C1 0.0158(12) 0.0184(12) 0.0285(16) -0.0029(11) -0.0021(11) -0.0007(9)  
C2 0.0207(13) 0.0202(12) 0.0235(16) -0.0014(10) -0.0007(11) 0.0005(10)  
C3 0.0187(13) 0.0230(13) 0.0260(16) -0.0012(11) -0.0016(11) -0.0015(10)  
C4 0.0233(13) 0.0257(13) 0.0267(16) -0.0043(11) -0.0035(11) 0.0038(10)  
C5 0.0309(14) 0.0189(12) 0.0232(16) -0.0022(11) -0.0020(11) 0.0008(10)  
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C6 0.0227(13) 0.0234(13) 0.0299(17) -0.0022(11) -0.0034(11) -0.0064(10)  
C7 0.0180(13) 0.0253(13) 0.0273(16) 0.0000(11) -0.0001(11) 0.0012(10)  
C8 0.0121(12) 0.0220(12) 0.0317(17) -0.0023(11) 0.0005(11) -0.0005(9)  
C9 0.0164(12) 0.0236(12) 0.0307(17) -0.0024(11) 0.0009(11) 0.0005(10)  
C10 0.0175(12) 0.0283(13) 0.0342(18) 0.0029(12) 0.0001(11) -0.0012(10)  
C11 0.0179(13) 0.0337(14) 0.0295(18) -0.0043(13) 0.0032(11) -0.0060(10)  
C12 0.0213(13) 0.0250(13) 0.0381(19) -0.0068(12) 0.0037(12) -0.0031(10)  
C13 0.0174(13) 0.0221(13) 0.0369(19) 0.0008(12) 0.0021(11) -0.0024(10)  
C14 0.0190(12) 0.0147(11) 0.0312(17) -0.0002(11) 0.0003(11) 0.0017(9)  
C15 0.0205(13) 0.0200(12) 0.0271(16) 0.0002(11) 0.0026(11) -0.0006(10)  
C16 0.0227(13) 0.0182(12) 0.0297(17) -0.0015(11) -0.0038(11) -0.0008(10)  
C17 0.0202(13) 0.0160(11) 0.0301(17) 0.0015(10) 0.0053(11) 0.0014(9)  
C18 0.0286(14) 0.0233(12) 0.0225(16) -0.0020(11) 0.0043(11) -0.0019(11)  
C19 0.0248(13) 0.0197(12) 0.0294(17) -0.0016(11) -0.0036(12) -0.0030(10)  
C20 0.0240(14) 0.0225(13) 0.0298(17) -0.0045(11) 0.0019(12) -0.0015(10)  
C21 0.0272(14) 0.0268(13) 0.0325(18) 0.0001(12) 0.0001(12) 0.0001(11)  
C22 0.0304(15) 0.0256(13) 0.0318(18) 0.0023(12) 0.0052(12) -0.0044(11)  
C23 0.0274(15) 0.0291(14) 0.0333(18) -0.0040(12) 0.0087(13) -0.0036(11)  
C24 0.0225(14) 0.0322(14) 0.0352(18) -0.0020(13) 0.0032(12) -0.0011(11)  
C25 0.0279(15) 0.0272(13) 0.0306(17) 0.0025(12) 0.0058(12) 0.0002(11)  
C26 0.0416(18) 0.0265(15) 0.067(3) -0.0019(14) -0.0053(16) 0.0109(12)  
C27 0.0189(14) 0.0364(15) 0.062(2) -0.0006(15) -0.0018(14) -0.0054(12)  
C28 0.0460(18) 0.0483(18) 0.035(2) 0.0013(15) -0.0028(15) -0.0079(14)  
C29 0.058(2) 0.0206(13) 0.057(2) -0.0025(14) 0.0107(17) 0.0052(13)  
C30 0.0444(18) 0.0363(16) 0.046(2) 0.0066(14) 0.0096(15) -0.0128(13)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C5 1.370(3) . ?  
O1 C26 1.431(3) . ?  
O2 C7 1.373(3) . ?  
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O2 C27 1.431(3) . ?  
O3 C11 1.372(3) . ?  
O3 C28 1.426(3) . ?  
O4 C13 1.378(3) . ?  
O4 C29 1.433(3) . ?  
O5 C23 1.375(3) . ?  
O5 C30 1.430(3) . ?  
O6 C25 1.373(3) . ?  
O6 C31 1.426(3) . ?  
C1 C8 1.521(4) . ?  
C1 C2 1.534(3) . ?  
C1 C14 1.535(3) . ?  
C1 H1 1.0000 . ?  
C2 C3 1.376(3) . ?  
C2 C7 1.404(3) . ?  
C3 C4 1.392(3) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.380(3) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.396(3) . ?  
C6 C7 1.384(3) . ?  
C6 H6 0.9500 . ?  
C8 C9 1.372(3) . ?  
C8 C13 1.420(3) . ?  
C9 C10 1.391(4) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.383(3) . ?  
C10 H10 0.9500 . ?  
C11 C12 1.397(4) . ?  
C12 C13 1.380(4) . ?  
C12 H12 0.9500 . ?  
C14 C19 1.388(4) . ?  
C14 C15 1.390(3) . ?  
C15 C16 1.392(3) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.386(4) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.402(3) . ?  
C17 C20 1.487(3) . ?  
C18 C19 1.384(3) . ?  
C18 H18 0.9500 . ?  
C19 H19 0.9500 . ?  
C20 C21 1.387(4) . ?  
C20 C25 1.399(3) . ?  
C21 C22 1.392(3) . ?  
C21 H21 0.9500 . ?  
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C22 C23 1.373(4) . ?  
C22 H22 0.9500 . ?  
C23 C24 1.393(4) . ?  
C24 C25 1.391(3) . ?  
C24 H24 0.9500 . ?  
C26 H26A 0.9800 . ?  
C26 H26B 0.9800 . ?  
C26 H26C 0.9800 . ?  
C27 H27A 0.9800 . ?  
C27 H27B 0.9800 . ?  
C27 H27C 0.9800 . ?  
C28 H28A 0.9800 . ?  
C28 H28B 0.9800 . ?  
C28 H28C 0.9800 . ?  
C29 H29A 0.9800 . ?  
C29 H29B 0.9800 . ?  
C29 H29C 0.9800 . ?  
C30 H30A 0.9800 . ?  
C30 H30B 0.9800 . ?  
C30 H30C 0.9800 . ?  
C31 H31A 0.9800 . ?  
C31 H31B 0.9800 . ?  
C31 H31C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C5 O1 C26 116.4(2) . . ?  
C7 O2 C27 117.67(19) . . ?  
C11 O3 C28 116.6(2) . . ?  
C13 O4 C29 116.6(2) . . ?  
C23 O5 C30 116.6(2) . . ?  
C25 O6 C31 118.8(2) . . ?  
C8 C1 C2 110.8(2) . . ?  
C8 C1 C14 111.95(19) . . ?  
C2 C1 C14 110.05(19) . . ?  
C8 C1 H1 108.0 . . ?  
C2 C1 H1 108.0 . . ?  
C14 C1 H1 108.0 . . ?  
C3 C2 C7 117.2(2) . . ?  
C3 C2 C1 122.1(2) . . ?  
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C7 C2 C1 120.6(2) . . ?  
C2 C3 C4 122.8(2) . . ?  
C2 C3 H3 118.6 . . ?  
C4 C3 H3 118.6 . . ?  
C5 C4 C3 118.7(2) . . ?  
C5 C4 H4 120.6 . . ?  
C3 C4 H4 120.6 . . ?  
O1 C5 C4 124.3(2) . . ?  
O1 C5 C6 115.5(2) . . ?  
C4 C5 C6 120.3(2) . . ?  
C7 C6 C5 119.5(2) . . ?  
C7 C6 H6 120.2 . . ?  
C5 C6 H6 120.2 . . ?  
O2 C7 C6 123.4(2) . . ?  
O2 C7 C2 115.2(2) . . ?  
C6 C7 C2 121.4(2) . . ?  
C9 C8 C13 116.6(2) . . ?  
C9 C8 C1 122.9(2) . . ?  
C13 C8 C1 120.3(2) . . ?  
C8 C9 C10 123.5(2) . . ?  
C8 C9 H9 118.3 . . ?  
C10 C9 H9 118.3 . . ?  
C11 C10 C9 118.7(2) . . ?  
C11 C10 H10 120.6 . . ?  
C9 C10 H10 120.6 . . ?  
O3 C11 C10 124.7(2) . . ?  
O3 C11 C12 115.3(2) . . ?  
C10 C11 C12 120.0(3) . . ?  
C13 C12 C11 120.0(2) . . ?  
C13 C12 H12 120.0 . . ?  
C11 C12 H12 120.0 . . ?  
O4 C13 C12 124.3(2) . . ?  
O4 C13 C8 114.6(2) . . ?  
C12 C13 C8 121.1(2) . . ?  
C19 C14 C15 117.9(2) . . ?  
C19 C14 C1 120.5(2) . . ?  
C15 C14 C1 121.5(2) . . ?  
C14 C15 C16 120.9(3) . . ?  
C14 C15 H15 119.6 . . ?  
C16 C15 H15 119.6 . . ?  
C17 C16 C15 121.6(2) . . ?  
C17 C16 H16 119.2 . . ?  
C15 C16 H16 119.2 . . ?  
C16 C17 C18 117.1(2) . . ?  
C16 C17 C20 122.0(2) . . ?  
C18 C17 C20 120.8(2) . . ?  
 366 
 
C19 C18 C17 121.4(3) . . ?  
C19 C18 H18 119.3 . . ?  
C17 C18 H18 119.3 . . ?  
C18 C19 C14 121.2(2) . . ?  
C18 C19 H19 119.4 . . ?  
C14 C19 H19 119.4 . . ?  
C21 C20 C25 116.7(2) . . ?  
C21 C20 C17 120.3(2) . . ?  
C25 C20 C17 122.9(2) . . ?  
C20 C21 C22 123.0(2) . . ?  
C20 C21 H21 118.5 . . ?  
C22 C21 H21 118.5 . . ?  
C23 C22 C21 118.6(3) . . ?  
C23 C22 H22 120.7 . . ?  
C21 C22 H22 120.7 . . ?  
C22 C23 O5 124.5(2) . . ?  
C22 C23 C24 120.8(2) . . ?  
O5 C23 C24 114.7(2) . . ?  
C25 C24 C23 119.2(2) . . ?  
C25 C24 H24 120.4 . . ?  
C23 C24 H24 120.4 . . ?  
O6 C25 C24 122.5(2) . . ?  
O6 C25 C20 115.8(2) . . ?  
C24 C25 C20 121.6(2) . . ?  
O1 C26 H26A 109.5 . . ?  
O1 C26 H26B 109.5 . . ?  
H26A C26 H26B 109.5 . . ?  
O1 C26 H26C 109.5 . . ?  
H26A C26 H26C 109.5 . . ?  
H26B C26 H26C 109.5 . . ?  
O2 C27 H27A 109.5 . . ?  
O2 C27 H27B 109.5 . . ?  
H27A C27 H27B 109.5 . . ?  
O2 C27 H27C 109.5 . . ?  
H27A C27 H27C 109.5 . . ?  
H27B C27 H27C 109.5 . . ?  
O3 C28 H28A 109.5 . . ?  
O3 C28 H28B 109.5 . . ?  
H28A C28 H28B 109.5 . . ?  
O3 C28 H28C 109.5 . . ?  
H28A C28 H28C 109.5 . . ?  
H28B C28 H28C 109.5 . . ?  
O4 C29 H29A 109.5 . . ?  
O4 C29 H29B 109.5 . . ?  
H29A C29 H29B 109.5 . . ?  
O4 C29 H29C 109.5 . . ?  
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H29A C29 H29C 109.5 . . ?  
H29B C29 H29C 109.5 . . ?  
O5 C30 H30A 109.5 . . ?  
O5 C30 H30B 109.5 . . ?  
H30A C30 H30B 109.5 . . ?  
O5 C30 H30C 109.5 . . ?  
H30A C30 H30C 109.5 . . ?  
H30B C30 H30C 109.5 . . ?  
O6 C31 H31A 109.5 . . ?  
O6 C31 H31B 109.5 . . ?  
H31A C31 H31B 109.5 . . ?  
O6 C31 H31C 109.5 . . ?  
H31A C31 H31C 109.5 . . ?  
H31B C31 H31C 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C8 C1 C2 C3 -100.4(3) . . . . ?  
C14 C1 C2 C3 23.9(3) . . . . ?  
C8 C1 C2 C7 75.1(3) . . . . ?  
C14 C1 C2 C7 -160.5(2) . . . . ?  
C7 C2 C3 C4 -0.9(4) . . . . ?  
C1 C2 C3 C4 174.8(2) . . . . ?  
C2 C3 C4 C5 0.0(4) . . . . ?  
C26 O1 C5 C4 13.6(4) . . . . ?  
C26 O1 C5 C6 -167.0(2) . . . . ?  
C3 C4 C5 O1 -179.1(2) . . . . ?  
C3 C4 C5 C6 1.5(4) . . . . ?  
O1 C5 C6 C7 178.5(2) . . . . ?  
C4 C5 C6 C7 -2.1(4) . . . . ?  
C27 O2 C7 C6 -11.2(4) . . . . ?  
C27 O2 C7 C2 170.1(2) . . . . ?  
C5 C6 C7 O2 -177.5(2) . . . . ?  
C5 C6 C7 C2 1.1(4) . . . . ?  
C3 C2 C7 O2 179.0(2) . . . . ?  
C1 C2 C7 O2 3.3(4) . . . . ?  
C3 C2 C7 C6 0.3(4) . . . . ?  
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C1 C2 C7 C6 -175.4(2) . . . . ?  
C2 C1 C8 C9 17.2(3) . . . . ?  
C14 C1 C8 C9 -106.1(2) . . . . ?  
C2 C1 C8 C13 -168.3(2) . . . . ?  
C14 C1 C8 C13 68.4(3) . . . . ?  
C13 C8 C9 C10 -2.6(3) . . . . ?  
C1 C8 C9 C10 172.0(2) . . . . ?  
C8 C9 C10 C11 -0.2(3) . . . . ?  
C28 O3 C11 C10 4.6(3) . . . . ?  
C28 O3 C11 C12 -176.6(2) . . . . ?  
C9 C10 C11 O3 -178.9(2) . . . . ?  
C9 C10 C11 C12 2.3(3) . . . . ?  
O3 C11 C12 C13 179.6(2) . . . . ?  
C10 C11 C12 C13 -1.6(4) . . . . ?  
C29 O4 C13 C12 2.2(3) . . . . ?  
C29 O4 C13 C8 -176.4(2) . . . . ?  
C11 C12 C13 O4 -179.9(2) . . . . ?  
C11 C12 C13 C8 -1.4(3) . . . . ?  
C9 C8 C13 O4 -177.9(2) . . . . ?  
C1 C8 C13 O4 7.3(3) . . . . ?  
C9 C8 C13 C12 3.4(3) . . . . ?  
C1 C8 C13 C12 -171.5(2) . . . . ?  
C8 C1 C14 C19 -167.6(2) . . . . ?  
C2 C1 C14 C19 68.7(3) . . . . ?  
C8 C1 C14 C15 15.8(3) . . . . ?  
C2 C1 C14 C15 -107.9(2) . . . . ?  
C19 C14 C15 C16 -0.3(3) . . . . ?  
C1 C14 C15 C16 176.4(2) . . . . ?  
C14 C15 C16 C17 0.0(3) . . . . ?  
C15 C16 C17 C18 -0.1(3) . . . . ?  
C15 C16 C17 C20 175.4(2) . . . . ?  
C16 C17 C18 C19 0.5(3) . . . . ?  
C20 C17 C18 C19 -175.1(2) . . . . ?  
C17 C18 C19 C14 -0.9(4) . . . . ?  
C15 C14 C19 C18 0.7(3) . . . . ?  
C1 C14 C19 C18 -176.0(2) . . . . ?  
C16 C17 C20 C21 -133.8(3) . . . . ?  
C18 C17 C20 C21 41.5(3) . . . . ?  
C16 C17 C20 C25 43.6(3) . . . . ?  
C18 C17 C20 C25 -141.0(2) . . . . ?  
C25 C20 C21 C22 -2.4(4) . . . . ?  
C17 C20 C21 C22 175.2(2) . . . . ?  
C20 C21 C22 C23 -0.3(4) . . . . ?  
C21 C22 C23 O5 -177.0(2) . . . . ?  
C21 C22 C23 C24 3.1(4) . . . . ?  
C30 O5 C23 C22 -1.9(4) . . . . ?  
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C30 O5 C23 C24 178.0(2) . . . . ?  
C22 C23 C24 C25 -3.0(4) . . . . ?  
O5 C23 C24 C25 177.1(2) . . . . ?  
C31 O6 C25 C24 1.1(4) . . . . ?  
C31 O6 C25 C20 178.8(2) . . . . ?  
C23 C24 C25 O6 177.7(2) . . . . ?  
C23 C24 C25 C20 0.1(4) . . . . ?  
C21 C20 C25 O6 -175.3(2) . . . . ?  
C17 C20 C25 O6 7.2(4) . . . . ?  
C21 C20 C25 C24 2.5(4) . . . . ?  
C17 C20 C25 C24 -175.0(2) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.977  
_diffrn_reflns_theta_full              26.4  
_diffrn_measured_fraction_theta_full   0.977  
_refine_diff_density_max    0.54  
_refine_diff_density_min   -0.26  
_refine_diff_density_rms    0.053  






Figure B12.  Crystal structure of compound 2.20 
 
Table  B12.  CIF data for compound 2.20 
data_20 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'Local laboratory' 
_chemical_formula_moiety      'C8 H11 B O4'  
_chemical_formula_sum         'C8 H11 B O4'  
_chemical_formula_weight          181.98  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
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 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'B'  'B'   0.0013   0.0007  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    6.992(2)  
_cell_length_b                    7.916(2)  
_cell_length_c                    7.998(2)  
_cell_angle_alpha                 94.751(10)  
_cell_angle_beta                  94.535(10)  
_cell_angle_gamma                 96.537(14)  
_cell_volume                      436.5(2)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     105 
_cell_measurement_reflns_used     2583 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        30.5 
  
_exptl_crystal_description        fragment 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.37  
_exptl_crystal_size_mid           0.25  
_exptl_crystal_size_min           0.12  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.384  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              192  
_exptl_absorpt_coefficient_mu     0.108  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 






 ?  
;  
  
_diffrn_ambient_temperature       105 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             23348  
_diffrn_reflns_av_R_equivalents   0.016  
_diffrn_reflns_av_sigmaI/netI     0.0276  
_diffrn_reflns_limit_h_min        -9  
_diffrn_reflns_limit_h_max        9  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -11  
_diffrn_reflns_limit_l_max        11  
_diffrn_reflns_theta_min          2.6  
_diffrn_reflns_theta_max          30.5  
_reflns_number_total              2659  
_reflns_number_gt                 2205  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
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 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0598P)^2^+0.0693P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2659  
_refine_ls_number_parameters      126  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.046  
_refine_ls_R_factor_gt            0.036  
_refine_ls_wR_factor_ref          0.107  
_refine_ls_wR_factor_gt           0.100  
_refine_ls_goodness_of_fit_ref    1.057  
_refine_ls_restrained_S_all       1.057  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.82988(9) 0.50698(8) 0.30284(8) 0.01711(15) Uani 1 1 d . . .  
H1O H 0.943(2) 0.5405(17) 0.3481(17) 0.026 Uiso 1 1 d . . .  
O2 O 0.80947(9) 0.36237(9) 0.54924(8) 0.01828(15) Uani 1 1 d . . .  
H2O H 0.724(2) 0.3034(17) 0.6061(17) 0.027 Uiso 1 1 d . . .  
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O3 O 0.45993(9) 0.19185(8) 0.57692(8) 0.01735(15) Uani 1 1 d . . .  
O4 O -0.05607(9) 0.15139(8) 0.14661(8) 0.01888(15) Uani 1 1 d . . .  
C1 C 0.51160(12) 0.33405(11) 0.33355(10) 0.01410(17) Uani 1 1 d . . .  
C2 C 0.38538(12) 0.23037(11) 0.42231(10) 0.01381(17) Uani 1 1 d . . .  
C3 C 0.19729(12) 0.17164(11) 0.35677(11) 0.01542(17) Uani 1 1 d . . .  
H3 H 0.1149 0.1015 0.4186 0.019 Uiso 1 1 calc R . .  
C4 C 0.13024(12) 0.21662(11) 0.19919(11) 0.01511(17) Uani 1 1 d . . .  
C5 C 0.24943(12) 0.31906(11) 0.10713(11) 0.01676(18) Uani 1 1 d . . .  
H5 H 0.2043 0.3499 0.0000 0.020 Uiso 1 1 calc R . .  
C6 C 0.43729(12) 0.37504(11) 0.17709(11) 0.01651(18) Uani 1 1 d . . .  
H6 H 0.5192 0.4450 0.1147 0.020 Uiso 1 1 calc R . .  
C7 C 0.33315(13) 0.09706(12) 0.67692(11) 0.01905(19) Uani 1 1 d . . .  
H7A H 0.2234 0.1599 0.6984 0.029 Uiso 1 1 calc R . .  
H7B H 0.4034 0.0809 0.7843 0.029 Uiso 1 1 calc R . .  
H7C H 0.2859 -0.0145 0.6165 0.029 Uiso 1 1 calc R . .  
C8 C -0.13742(13) 0.20216(13) -0.00839(12) 0.02094(19) Uani 1 1 d . . .  
H8A H -0.1340 0.3267 -0.0001 0.031 Uiso 1 1 calc R . .  
H8B H -0.2716 0.1491 -0.0310 0.031 Uiso 1 1 calc R . .  
H8C H -0.0624 0.1655 -0.1004 0.031 Uiso 1 1 calc R . .  
B1 B 0.72517(13) 0.40405(12) 0.39872(12) 0.01463(18) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0136(3) 0.0195(3) 0.0174(3) 0.0041(2) 0.0000(2) -0.0021(2)  
O2 0.0141(3) 0.0231(3) 0.0170(3) 0.0061(2) -0.0006(2) -0.0024(2)  
O3 0.0154(3) 0.0221(3) 0.0143(3) 0.0072(2) -0.0001(2) -0.0017(2)  
O4 0.0133(3) 0.0224(3) 0.0196(3) 0.0044(2) -0.0032(2) -0.0022(2)  
C1 0.0133(3) 0.0150(4) 0.0140(4) 0.0021(3) 0.0013(3) 0.0008(3)  
C2 0.0146(4) 0.0143(4) 0.0124(4) 0.0018(3) 0.0002(3) 0.0019(3)  
C3 0.0141(4) 0.0158(4) 0.0163(4) 0.0032(3) 0.0023(3) -0.0005(3)  
C4 0.0130(4) 0.0147(4) 0.0170(4) -0.0001(3) -0.0002(3) 0.0010(3)  
C5 0.0168(4) 0.0193(4) 0.0141(4) 0.0036(3) -0.0008(3) 0.0017(3)  
C6 0.0154(4) 0.0184(4) 0.0158(4) 0.0050(3) 0.0017(3) -0.0003(3)  
C7 0.0191(4) 0.0219(4) 0.0170(4) 0.0080(3) 0.0039(3) 0.0002(3)  
C8 0.0173(4) 0.0252(5) 0.0193(4) 0.0027(3) -0.0046(3) 0.0019(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
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 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 B1 1.3581(11) . ?  
O1 H1O 0.846(15) . ?  
O2 B1 1.3797(11) . ?  
O2 H2O 0.893(15) . ?  
O3 C2 1.3749(10) . ?  
O3 C7 1.4313(11) . ?  
O4 C4 1.3655(11) . ?  
O4 C8 1.4300(11) . ?  
C1 C6 1.3943(12) . ?  
C1 C2 1.4096(12) . ?  
C1 B1 1.5650(13) . ?  
C2 C3 1.3899(12) . ?  
C3 C4 1.3978(12) . ?  
C3 H3 0.9500 . ?  
C4 C5 1.3915(12) . ?  
C5 C6 1.3946(12) . ?  
C5 H5 0.9500 . ?  
C6 H6 0.9500 . ?  
C7 H7A 0.9800 . ?  
C7 H7B 0.9800 . ?  
C7 H7C 0.9800 . ?  
C8 H8A 0.9800 . ?  
C8 H8B 0.9800 . ?  
C8 H8C 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
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B1 O1 H1O 112.6(9) . . ?  
B1 O2 H2O 111.6(9) . . ?  
C2 O3 C7 117.88(7) . . ?  
C4 O4 C8 117.29(7) . . ?  
C6 C1 C2 116.42(8) . . ?  
C6 C1 B1 119.01(7) . . ?  
C2 C1 B1 124.58(8) . . ?  
O3 C2 C3 122.45(7) . . ?  
O3 C2 C1 115.85(7) . . ?  
C3 C2 C1 121.69(8) . . ?  
C2 C3 C4 119.50(8) . . ?  
C2 C3 H3 120.2 . . ?  
C4 C3 H3 120.2 . . ?  
O4 C4 C5 124.52(8) . . ?  
O4 C4 C3 114.63(7) . . ?  
C5 C4 C3 120.85(8) . . ?  
C4 C5 C6 117.89(8) . . ?  
C4 C5 H5 121.1 . . ?  
C6 C5 H5 121.1 . . ?  
C1 C6 C5 123.64(8) . . ?  
C1 C6 H6 118.2 . . ?  
C5 C6 H6 118.2 . . ?  
O3 C7 H7A 109.5 . . ?  
O3 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
O3 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
H7B C7 H7C 109.5 . . ?  
O4 C8 H8A 109.5 . . ?  
O4 C8 H8B 109.5 . . ?  
H8A C8 H8B 109.5 . . ?  
O4 C8 H8C 109.5 . . ?  
H8A C8 H8C 109.5 . . ?  
H8B C8 H8C 109.5 . . ?  
O1 B1 O2 119.54(8) . . ?  
O1 B1 C1 118.70(8) . . ?  
O2 B1 C1 121.75(8) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
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 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C7 O3 C2 C3 -4.17(12) . . . . ?  
C7 O3 C2 C1 175.68(7) . . . . ?  
C6 C1 C2 O3 -179.56(7) . . . . ?  
B1 C1 C2 O3 0.49(13) . . . . ?  
C6 C1 C2 C3 0.29(13) . . . . ?  
B1 C1 C2 C3 -179.66(8) . . . . ?  
O3 C2 C3 C4 179.55(7) . . . . ?  
C1 C2 C3 C4 -0.29(13) . . . . ?  
C8 O4 C4 C5 -4.56(12) . . . . ?  
C8 O4 C4 C3 175.88(7) . . . . ?  
C2 C3 C4 O4 179.70(7) . . . . ?  
C2 C3 C4 C5 0.12(13) . . . . ?  
O4 C4 C5 C6 -179.51(8) . . . . ?  
C3 C4 C5 C6 0.02(13) . . . . ?  
C2 C1 C6 C5 -0.14(13) . . . . ?  
B1 C1 C6 C5 179.81(8) . . . . ?  
C4 C5 C6 C1 -0.01(14) . . . . ?  
C6 C1 B1 O1 1.95(12) . . . . ?  
C2 C1 B1 O1 -178.10(8) . . . . ?  
C6 C1 B1 O2 -177.33(8) . . . . ?  
C2 C1 B1 O2 2.62(14) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O1 H1O O2  0.846(15) 1.906(15) 2.7495(11) 174.6(13) 2_766  
O2 H2O O3  0.893(15) 1.941(15) 2.6885(11) 140.2(12) .  
  
_diffrn_measured_fraction_theta_max    0.996  
_diffrn_reflns_theta_full              30.51  
_diffrn_measured_fraction_theta_full   0.996  
_refine_diff_density_max    0.39  
_refine_diff_density_min   -0.24  
_refine_diff_density_rms    0.047  





Figure B13.  Crystal structure of compound 3.4 
 
Table  B13.  CIF data for compound 3.4 
data_4 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety       'C31 H28 O5'  
_chemical_formula_sum          'C31 H28 O5'  
_chemical_formula_weight          480.53  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
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 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    7.675(4)  
_cell_length_b                    12.605(7)  
_cell_length_c                    12.914(8)  
_cell_angle_alpha                 86.49(2)  
_cell_angle_beta                  81.01(2)  
_cell_angle_gamma                 83.69(3)  
_cell_volume                      1225.3(12)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     110  
_cell_measurement_reflns_used     5524 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        28.7 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.45  
_exptl_crystal_size_mid           0.27  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.302  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              508  
_exptl_absorpt_coefficient_mu     0.088  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 




 ?  
;  
  
_diffrn_ambient_temperature       110 
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_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             25577 
_diffrn_reflns_av_R_equivalents   0.102  
_diffrn_reflns_av_sigmaI/netI     0.1732  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        9  
_diffrn_reflns_limit_k_min        -17  
_diffrn_reflns_limit_k_max        17  
_diffrn_reflns_limit_l_min        -17  
_diffrn_reflns_limit_l_max        17  
_diffrn_reflns_theta_min          2.7  
_diffrn_reflns_theta_max          28.7  
_reflns_number_total              6234  
_reflns_number_gt                 2656  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
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_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0508P)^2^] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          6234  
_refine_ls_number_parameters      332  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.190  
_refine_ls_R_factor_gt            0.062  
_refine_ls_wR_factor_ref          0.141  
_refine_ls_wR_factor_gt           0.107  
_refine_ls_goodness_of_fit_ref    0.950  
_refine_ls_restrained_S_all       0.950  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.5986(2) 0.24838(14) 0.14648(13) 0.0305(5) Uani 1 1 d . . .  
H10H H 0.592(3) 0.262(2) 0.080(2) 0.046 Uiso 1 1 d . . .  
O2 O 0.4274(2) 0.33230(13) -0.00731(12) 0.0303(4) Uani 1 1 d . . .  
O3 O 0.0753(2) 0.59358(13) 0.38373(13) 0.0315(4) Uani 1 1 d . . .  
O4 O 0.23053(19) 0.02328(13) 0.51661(12) 0.0270(4) Uani 1 1 d . . .  
O5 O 0.6221(2) 0.40513(13) 0.28651(12) 0.0312(4) Uani 1 1 d . . .  
C1 C 0.4203(3) 0.26980(18) 0.20119(17) 0.0217(6) Uani 1 1 d . . .  
C2 C 0.3365(3) 0.38037(18) 0.16754(17) 0.0205(5) Uani 1 1 d . . .  
C3 C 0.3359(3) 0.40749(19) 0.05897(17) 0.0229(6) Uani 1 1 d . . .  
C4 C 0.2517(3) 0.5015(2) 0.02594(19) 0.0279(6) Uani 1 1 d . . .  
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H4 H 0.2537 0.5173 -0.0471 0.033 Uiso 1 1 calc R . .  
C5 C 0.1619(3) 0.57558(19) 0.09834(19) 0.0247(6) Uani 1 1 d . . .  
C6 C 0.0751(3) 0.6746(2) 0.0660(2) 0.0347(7) Uani 1 1 d . . .  
H6 H 0.0744 0.6920 -0.0066 0.042 Uiso 1 1 calc R . .  
C7 C -0.0069(3) 0.7444(2) 0.1385(2) 0.0397(7) Uani 1 1 d . . .  
H7 H -0.0638 0.8105 0.1155 0.048 Uiso 1 1 calc R . .  
C8 C -0.0098(3) 0.7212(2) 0.2472(2) 0.0340(7) Uani 1 1 d . . .  
H8 H -0.0676 0.7713 0.2967 0.041 Uiso 1 1 calc R . .  
C9 C 0.0718(3) 0.62578(19) 0.2802(2) 0.0251(6) Uani 1 1 d . . .  
C10 C 0.1608(3) 0.55083(18) 0.20702(18) 0.0223(6) Uani 1 1 d . . .  
C11 C 0.2494(3) 0.45149(18) 0.23814(18) 0.0212(6) Uani 1 1 d . . .  
H11 H 0.2478 0.4341 0.3109 0.025 Uiso 1 1 calc R . .  
C12 C 0.4327(4) 0.3526(2) -0.11814(18) 0.0387(7) Uani 1 1 d . . .  
H12A H 0.3137 0.3510 -0.1363 0.058 Uiso 1 1 calc R . .  
H12B H 0.5145 0.2977 -0.1558 0.058 Uiso 1 1 calc R . .  
H12C H 0.4734 0.4231 -0.1381 0.058 Uiso 1 1 calc R . .  
C13 C -0.0347(3) 0.6578(2) 0.4614(2) 0.0406(7) Uani 1 1 d . . .  
H13A H 0.0085 0.7284 0.4593 0.061 Uiso 1 1 calc R . .  
H13B H -0.0306 0.6231 0.5311 0.061 Uiso 1 1 calc R . .  
H13C H -0.1572 0.6659 0.4469 0.061 Uiso 1 1 calc R . .  
C14 C 0.4453(3) 0.25967(18) 0.31671(17) 0.0201(5) Uani 1 1 d . . .  
C15 C 0.3752(3) 0.18209(18) 0.38399(17) 0.0198(5) Uani 1 1 d . . .  
H15 H 0.3016 0.1366 0.3590 0.024 Uiso 1 1 calc R . .  
C16 C 0.4070(3) 0.16613(18) 0.48977(17) 0.0197(5) Uani 1 1 d . . .  
C17 C 0.3356(3) 0.08408(19) 0.55902(18) 0.0222(6) Uani 1 1 d . . .  
C18 C 0.3728(3) 0.07088(19) 0.65947(18) 0.0273(6) Uani 1 1 d . . .  
H18 H 0.3240 0.0164 0.7055 0.033 Uiso 1 1 calc R . .  
C19 C 0.4833(3) 0.1384(2) 0.6941(2) 0.0335(7) Uani 1 1 d . . .  
H19 H 0.5109 0.1275 0.7634 0.040 Uiso 1 1 calc R . .  
C20 C 0.5522(3) 0.2189(2) 0.63133(18) 0.0291(6) Uani 1 1 d . . .  
H20 H 0.6242 0.2646 0.6575 0.035 Uiso 1 1 calc R . .  
C21 C 0.5162(3) 0.23448(18) 0.52688(18) 0.0225(6) Uani 1 1 d . . .  
C22 C 0.5857(3) 0.31633(19) 0.45810(19) 0.0267(6) Uani 1 1 d . . .  
H22 H 0.6560 0.3638 0.4831 0.032 Uiso 1 1 calc R . .  
C23 C 0.5542(3) 0.32906(19) 0.35588(18) 0.0239(6) Uani 1 1 d . . .  
C24 C 0.1422(3) -0.0545(2) 0.5861(2) 0.0320(6) Uani 1 1 d . . .  
H24A H 0.2306 -0.1045 0.6156 0.048 Uiso 1 1 calc R . .  
H24B H 0.0727 -0.0939 0.5468 0.048 Uiso 1 1 calc R . .  
H24C H 0.0630 -0.0181 0.6430 0.048 Uiso 1 1 calc R . .  
C25 C 0.7277(4) 0.4765(2) 0.3239(2) 0.0501(8) Uani 1 1 d . . .  
H25A H 0.6564 0.5165 0.3812 0.075 Uiso 1 1 calc R . .  
H25B H 0.7696 0.5264 0.2666 0.075 Uiso 1 1 calc R . .  
H25C H 0.8297 0.4355 0.3495 0.075 Uiso 1 1 calc R . .  
C26 C 0.3029(3) 0.18715(19) 0.17366(17) 0.0222(6) Uani 1 1 d . . .  
C27 C 0.3784(3) 0.0905(2) 0.13206(18) 0.0314(6) Uani 1 1 d . . .  
H27 H 0.5035 0.0742 0.1224 0.038 Uiso 1 1 calc R . .  
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C28 C 0.2717(4) 0.0176(2) 0.1045(2) 0.0408(7) Uani 1 1 d . . .  
H28 H 0.3244 -0.0482 0.0760 0.049 Uiso 1 1 calc R . .  
C29 C 0.0896(4) 0.0405(2) 0.1183(2) 0.0409(7) Uani 1 1 d . . .  
H29 H 0.0173 -0.0093 0.0990 0.049 Uiso 1 1 calc R . .  
C30 C 0.0130(3) 0.1352(2) 0.16006(19) 0.0344(7) Uani 1 1 d . . .  
H30 H -0.1122 0.1511 0.1695 0.041 Uiso 1 1 calc R . .  
C31 C 0.1195(3) 0.2079(2) 0.18844(18) 0.0265(6) Uani 1 1 d . . .  
H31 H 0.0658 0.2727 0.2184 0.032 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0206(9) 0.0398(12) 0.0282(10) -0.0029(9) 0.0030(8) 0.0013(7)  
O2 0.0404(10) 0.0323(11) 0.0172(9) -0.0002(8) 0.0013(8) -0.0081(8)  
O3 0.0275(10) 0.0335(11) 0.0326(11) -0.0111(8) -0.0020(8) 0.0026(8)  
O4 0.0267(9) 0.0282(10) 0.0269(10) 0.0040(8) -0.0039(7) -0.0088(8)  
O5 0.0309(10) 0.0296(11) 0.0366(11) 0.0082(9) -0.0105(8) -0.0162(8)  
C1 0.0180(13) 0.0224(14) 0.0223(13) 0.0016(11) 0.0022(10) -0.0011(10)  
C2 0.0185(13) 0.0221(14) 0.0214(13) 0.0015(11) -0.0021(10) -0.0064(10)  
C3 0.0250(14) 0.0241(15) 0.0198(13) 0.0016(11) 0.0005(11) -0.0108(11)  
C4 0.0316(14) 0.0322(16) 0.0217(14) 0.0086(12) -0.0069(11) -0.0130(12)  
C5 0.0211(13) 0.0215(15) 0.0325(15) 0.0064(12) -0.0057(11) -0.0080(10)  
C6 0.0336(16) 0.0268(16) 0.0460(18) 0.0124(14) -0.0152(13) -0.0084(12)  
C7 0.0343(16) 0.0201(16) 0.068(2) 0.0099(15) -0.0216(15) -0.0029(12)  
C8 0.0280(15) 0.0201(15) 0.0548(19) -0.0057(13) -0.0084(13) -0.0019(11)  
C9 0.0192(13) 0.0205(15) 0.0371(16) -0.0022(12) -0.0074(11) -0.0037(10)  
C10 0.0177(13) 0.0187(14) 0.0298(15) 0.0028(11) -0.0003(10) -0.0054(10)  
C11 0.0177(13) 0.0241(15) 0.0227(13) 0.0027(11) -0.0034(10) -0.0073(10)  
C12 0.0526(18) 0.0470(19) 0.0186(14) 0.0021(13) -0.0031(12) -0.0200(14)  
C13 0.0300(15) 0.0436(19) 0.0471(18) -0.0232(15) -0.0013(13) 0.0057(13)  
C14 0.0182(13) 0.0193(14) 0.0220(13) 0.0000(11) -0.0027(10) 0.0013(10)  
C15 0.0132(12) 0.0215(14) 0.0242(14) -0.0040(11) -0.0024(10) 0.0008(10)  
C16 0.0201(13) 0.0176(14) 0.0207(13) -0.0019(11) -0.0027(10) 0.0016(10)  
C17 0.0185(13) 0.0229(14) 0.0243(14) -0.0040(11) -0.0018(11) 0.0015(10)  
C18 0.0346(15) 0.0228(15) 0.0234(14) -0.0003(11) -0.0029(11) -0.0007(11)  
C19 0.0468(17) 0.0299(17) 0.0244(15) -0.0029(13) -0.0123(12) 0.0039(13)  
C20 0.0347(15) 0.0278(16) 0.0279(15) -0.0036(12) -0.0129(12) -0.0047(12)  
C21 0.0217(13) 0.0203(14) 0.0255(14) -0.0065(11) -0.0048(11) 0.0026(10)  
C22 0.0247(14) 0.0211(15) 0.0364(16) -0.0032(12) -0.0079(12) -0.0059(11)  
C23 0.0221(13) 0.0223(15) 0.0275(15) 0.0016(11) -0.0050(11) -0.0023(11)  
C24 0.0272(14) 0.0289(16) 0.0387(16) 0.0109(13) -0.0019(12) -0.0085(11)  
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C25 0.0517(19) 0.0413(19) 0.067(2) 0.0176(16) -0.0293(16) -0.0296(15)  
C26 0.0304(15) 0.0196(14) 0.0164(13) 0.0010(10) -0.0041(10) -0.0011(11)  
C27 0.0396(16) 0.0282(16) 0.0270(15) -0.0009(12) -0.0080(12) -0.0014(13)  
C28 0.066(2) 0.0258(17) 0.0329(17) -0.0033(13) -0.0151(15) -0.0037(15)  
C29 0.059(2) 0.0372(19) 0.0339(17) 0.0083(14) -0.0235(14) -0.0216(15)  
C30 0.0336(16) 0.0370(18) 0.0358(16) 0.0144(13) -0.0138(13) -0.0139(13)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C1 1.443(3) . ?  
O1 H10H 0.88(3) . ?  
O2 C3 1.375(3) . ?  
O2 C12 1.433(3) . ?  
O3 C9 1.377(3) . ?  
O3 C13 1.435(3) . ?  
O4 C17 1.365(3) . ?  
O4 C24 1.440(3) . ?  
O5 C23 1.361(3) . ?  
O5 C25 1.426(3) . ?  
C1 C14 1.530(3) . ?  
C1 C2 1.537(3) . ?  
C1 C26 1.541(3) . ?  
C2 C11 1.363(3) . ?  
C2 C3 1.423(3) . ?  
C3 C4 1.363(3) . ?  
C4 C5 1.409(3) . ?  
C4 H4 0.9500 . ?  
C5 C10 1.418(3) . ?  
C5 C6 1.420(3) . ?  
C6 C7 1.357(4) . ?  
C6 H6 0.9500 . ?  
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C7 C8 1.414(4) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.370(3) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.421(3) . ?  
C10 C11 1.424(3) . ?  
C11 H11 0.9500 . ?  
C12 H12A 0.9800 . ?  
C12 H12B 0.9800 . ?  
C12 H12C 0.9800 . ?  
C13 H13A 0.9800 . ?  
C13 H13B 0.9800 . ?  
C13 H13C 0.9800 . ?  
C14 C15 1.366(3) . ?  
C14 C23 1.437(3) . ?  
C15 C16 1.423(3) . ?  
C15 H15 0.9500 . ?  
C16 C21 1.417(3) . ?  
C16 C17 1.424(3) . ?  
C17 C18 1.368(3) . ?  
C18 C19 1.403(3) . ?  
C18 H18 0.9500 . ?  
C19 C20 1.360(3) . ?  
C19 H19 0.9500 . ?  
C20 C21 1.417(3) . ?  
C20 H20 0.9500 . ?  
C21 C22 1.414(3) . ?  
C22 C23 1.376(3) . ?  
C22 H22 0.9500 . ?  
C24 H24A 0.9800 . ?  
C24 H24B 0.9800 . ?  
C24 H24C 0.9800 . ?  
C25 H25A 0.9800 . ?  
C25 H25B 0.9800 . ?  
C25 H25C 0.9800 . ?  
C26 C31 1.388(3) . ?  
C26 C27 1.392(3) . ?  
C27 C28 1.393(4) . ?  
C27 H27 0.9500 . ?  
C28 C29 1.382(4) . ?  
C28 H28 0.9500 . ?  
C29 C30 1.373(4) . ?  
C29 H29 0.9500 . ?  
C30 C31 1.394(3) . ?  
C30 H30 0.9500 . ?  





 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 O1 H10H 105.9(17) . . ?  
C3 O2 C12 118.28(19) . . ?  
C9 O3 C13 117.07(19) . . ?  
C17 O4 C24 116.82(18) . . ?  
C23 O5 C25 117.43(19) . . ?  
O1 C1 C14 103.17(17) . . ?  
O1 C1 C2 111.03(18) . . ?  
C14 C1 C2 113.67(19) . . ?  
O1 C1 C26 109.86(19) . . ?  
C14 C1 C26 112.26(18) . . ?  
C2 C1 C26 106.88(18) . . ?  
C11 C2 C3 117.8(2) . . ?  
C11 C2 C1 122.5(2) . . ?  
C3 C2 C1 119.5(2) . . ?  
C4 C3 O2 124.1(2) . . ?  
C4 C3 C2 121.4(2) . . ?  
O2 C3 C2 114.5(2) . . ?  
C3 C4 C5 121.1(2) . . ?  
C3 C4 H4 119.5 . . ?  
C5 C4 H4 119.5 . . ?  
C4 C5 C10 118.7(2) . . ?  
C4 C5 C6 122.2(2) . . ?  
C10 C5 C6 119.1(2) . . ?  
C7 C6 C5 120.1(2) . . ?  
C7 C6 H6 119.9 . . ?  
C5 C6 H6 119.9 . . ?  
C6 C7 C8 121.7(2) . . ?  
C6 C7 H7 119.2 . . ?  
C8 C7 H7 119.2 . . ?  
C9 C8 C7 119.1(2) . . ?  
C9 C8 H8 120.4 . . ?  
C7 C8 H8 120.4 . . ?  
C8 C9 O3 124.5(2) . . ?  
C8 C9 C10 121.1(2) . . ?  
O3 C9 C10 114.5(2) . . ?  
C5 C10 C9 118.8(2) . . ?  
C5 C10 C11 118.4(2) . . ?  
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C9 C10 C11 122.8(2) . . ?  
C2 C11 C10 122.5(2) . . ?  
C2 C11 H11 118.7 . . ?  
C10 C11 H11 118.7 . . ?  
O2 C12 H12A 109.5 . . ?  
O2 C12 H12B 109.5 . . ?  
H12A C12 H12B 109.5 . . ?  
O2 C12 H12C 109.5 . . ?  
H12A C12 H12C 109.5 . . ?  
H12B C12 H12C 109.5 . . ?  
O3 C13 H13A 109.5 . . ?  
O3 C13 H13B 109.5 . . ?  
H13A C13 H13B 109.5 . . ?  
O3 C13 H13C 109.5 . . ?  
H13A C13 H13C 109.5 . . ?  
H13B C13 H13C 109.5 . . ?  
C15 C14 C23 117.9(2) . . ?  
C15 C14 C1 122.0(2) . . ?  
C23 C14 C1 119.9(2) . . ?  
C14 C15 C16 123.1(2) . . ?  
C14 C15 H15 118.4 . . ?  
C16 C15 H15 118.4 . . ?  
C21 C16 C15 118.2(2) . . ?  
C21 C16 C17 118.9(2) . . ?  
C15 C16 C17 122.9(2) . . ?  
O4 C17 C18 124.8(2) . . ?  
O4 C17 C16 114.6(2) . . ?  
C18 C17 C16 120.6(2) . . ?  
C17 C18 C19 119.6(2) . . ?  
C17 C18 H18 120.2 . . ?  
C19 C18 H18 120.2 . . ?  
C20 C19 C18 121.9(2) . . ?  
C20 C19 H19 119.0 . . ?  
C18 C19 H19 119.0 . . ?  
C19 C20 C21 119.7(2) . . ?  
C19 C20 H20 120.1 . . ?  
C21 C20 H20 120.1 . . ?  
C22 C21 C20 122.0(2) . . ?  
C22 C21 C16 118.7(2) . . ?  
C20 C21 C16 119.2(2) . . ?  
C23 C22 C21 121.7(2) . . ?  
C23 C22 H22 119.1 . . ?  
C21 C22 H22 119.1 . . ?  
O5 C23 C22 123.5(2) . . ?  
O5 C23 C14 116.2(2) . . ?  
C22 C23 C14 120.2(2) . . ?  
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O4 C24 H24A 109.5 . . ?  
O4 C24 H24B 109.5 . . ?  
H24A C24 H24B 109.5 . . ?  
O4 C24 H24C 109.5 . . ?  
H24A C24 H24C 109.5 . . ?  
H24B C24 H24C 109.5 . . ?  
O5 C25 H25A 109.5 . . ?  
O5 C25 H25B 109.5 . . ?  
H25A C25 H25B 109.5 . . ?  
O5 C25 H25C 109.5 . . ?  
H25A C25 H25C 109.5 . . ?  
H25B C25 H25C 109.5 . . ?  
C31 C26 C27 118.4(2) . . ?  
C31 C26 C1 120.9(2) . . ?  
C27 C26 C1 120.7(2) . . ?  
C26 C27 C28 120.4(3) . . ?  
C26 C27 H27 119.8 . . ?  
C28 C27 H27 119.8 . . ?  
C29 C28 C27 120.2(3) . . ?  
C29 C28 H28 119.9 . . ?  
C27 C28 H28 119.9 . . ?  
C30 C29 C28 120.0(3) . . ?  
C30 C29 H29 120.0 . . ?  
C28 C29 H29 120.0 . . ?  
C29 C30 C31 119.8(3) . . ?  
C29 C30 H30 120.1 . . ?  
C31 C30 H30 120.1 . . ?  
C26 C31 C30 121.1(2) . . ?  
C26 C31 H31 119.4 . . ?  
C30 C31 H31 119.4 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O1 C1 C2 C11 -132.7(2) . . . . ?  
C14 C1 C2 C11 -16.9(3) . . . . ?  
C26 C1 C2 C11 107.5(2) . . . . ?  
O1 C1 C2 C3 52.5(3) . . . . ?  
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C14 C1 C2 C3 168.32(19) . . . . ?  
C26 C1 C2 C3 -67.3(2) . . . . ?  
C12 O2 C3 C4 -1.1(3) . . . . ?  
C12 O2 C3 C2 179.54(19) . . . . ?  
C11 C2 C3 C4 0.2(3) . . . . ?  
C1 C2 C3 C4 175.1(2) . . . . ?  
C11 C2 C3 O2 179.53(19) . . . . ?  
C1 C2 C3 O2 -5.5(3) . . . . ?  
O2 C3 C4 C5 -179.3(2) . . . . ?  
C2 C3 C4 C5 0.0(4) . . . . ?  
C3 C4 C5 C10 0.2(3) . . . . ?  
C3 C4 C5 C6 179.2(2) . . . . ?  
C4 C5 C6 C7 -178.7(2) . . . . ?  
C10 C5 C6 C7 0.2(3) . . . . ?  
C5 C6 C7 C8 -0.4(4) . . . . ?  
C6 C7 C8 C9 -0.2(4) . . . . ?  
C7 C8 C9 O3 -178.9(2) . . . . ?  
C7 C8 C9 C10 0.9(4) . . . . ?  
C13 O3 C9 C8 9.1(3) . . . . ?  
C13 O3 C9 C10 -170.7(2) . . . . ?  
C4 C5 C10 C9 179.4(2) . . . . ?  
C6 C5 C10 C9 0.4(3) . . . . ?  
C4 C5 C10 C11 -0.6(3) . . . . ?  
C6 C5 C10 C11 -179.6(2) . . . . ?  
C8 C9 C10 C5 -1.0(3) . . . . ?  
O3 C9 C10 C5 178.8(2) . . . . ?  
C8 C9 C10 C11 179.0(2) . . . . ?  
O3 C9 C10 C11 -1.2(3) . . . . ?  
C3 C2 C11 C10 -0.6(3) . . . . ?  
C1 C2 C11 C10 -175.4(2) . . . . ?  
C5 C10 C11 C2 0.8(3) . . . . ?  
C9 C10 C11 C2 -179.2(2) . . . . ?  
O1 C1 C14 C15 -115.7(2) . . . . ?  
C2 C1 C14 C15 124.0(2) . . . . ?  
C26 C1 C14 C15 2.5(3) . . . . ?  
O1 C1 C14 C23 60.5(2) . . . . ?  
C2 C1 C14 C23 -59.8(3) . . . . ?  
C26 C1 C14 C23 178.75(19) . . . . ?  
C23 C14 C15 C16 -1.0(3) . . . . ?  
C1 C14 C15 C16 175.36(19) . . . . ?  
C14 C15 C16 C21 0.3(3) . . . . ?  
C14 C15 C16 C17 -179.0(2) . . . . ?  
C24 O4 C17 C18 5.1(3) . . . . ?  
C24 O4 C17 C16 -174.56(18) . . . . ?  
C21 C16 C17 O4 179.23(19) . . . . ?  
C15 C16 C17 O4 -1.5(3) . . . . ?  
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C21 C16 C17 C18 -0.5(3) . . . . ?  
C15 C16 C17 C18 178.8(2) . . . . ?  
O4 C17 C18 C19 179.8(2) . . . . ?  
C16 C17 C18 C19 -0.5(3) . . . . ?  
C17 C18 C19 C20 1.6(4) . . . . ?  
C18 C19 C20 C21 -1.6(4) . . . . ?  
C19 C20 C21 C22 -179.4(2) . . . . ?  
C19 C20 C21 C16 0.6(3) . . . . ?  
C15 C16 C21 C22 1.1(3) . . . . ?  
C17 C16 C21 C22 -179.55(19) . . . . ?  
C15 C16 C21 C20 -178.9(2) . . . . ?  
C17 C16 C21 C20 0.4(3) . . . . ?  
C20 C21 C22 C23 178.2(2) . . . . ?  
C16 C21 C22 C23 -1.9(3) . . . . ?  
C25 O5 C23 C22 -1.6(3) . . . . ?  
C25 O5 C23 C14 178.8(2) . . . . ?  
C21 C22 C23 O5 -178.4(2) . . . . ?  
C21 C22 C23 C14 1.2(3) . . . . ?  
C15 C14 C23 O5 179.83(18) . . . . ?  
C1 C14 C23 O5 3.4(3) . . . . ?  
C15 C14 C23 C22 0.2(3) . . . . ?  
C1 C14 C23 C22 -176.2(2) . . . . ?  
O1 C1 C26 C31 -159.87(19) . . . . ?  
C14 C1 C26 C31 86.0(2) . . . . ?  
C2 C1 C26 C31 -39.3(3) . . . . ?  
O1 C1 C26 C27 19.3(3) . . . . ?  
C14 C1 C26 C27 -94.9(2) . . . . ?  
C2 C1 C26 C27 139.8(2) . . . . ?  
C31 C26 C27 C28 1.1(3) . . . . ?  
C1 C26 C27 C28 -178.1(2) . . . . ?  
C26 C27 C28 C29 -0.1(4) . . . . ?  
C27 C28 C29 C30 -0.4(4) . . . . ?  
C28 C29 C30 C31 -0.1(4) . . . . ?  
C27 C26 C31 C30 -1.6(3) . . . . ?  
C1 C26 C31 C30 177.6(2) . . . . ?  
C29 C30 C31 C26 1.1(3) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
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O1 H10H O2  0.88(3) 1.93(3) 2.654(3) 139(2) .  
  
_diffrn_measured_fraction_theta_max    0.983  
_diffrn_reflns_theta_full              28.72  
_diffrn_measured_fraction_theta_full   0.983  
_refine_diff_density_max    0.29  
_refine_diff_density_min   -0.28  
_refine_diff_density_rms    0.058  





Figure B14.  Crystal structure of compound 3.5 
 
Table  B14.  CIF data for compound 3.5 
data_5 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety      'C31 H28 O5'  
_chemical_formula_sum         'C31 H28 O5'  
_chemical_formula_weight          480.53  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
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 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P c a 21      ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, z+1/2'  
 '-x+1/2, y, z+1/2'  
 'x+1/2, -y, z'  
  
_cell_length_a                    9.743(2)  
_cell_length_b                    16.188(3)  
_cell_length_c                    15.137(3)  
_cell_angle_alpha                 90 
_cell_angle_beta                  90 
_cell_angle_gamma                 90 
_cell_volume                      2387.4(8)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     110 
_cell_measurement_reflns_used     3410 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        28.7 
  
_exptl_crystal_description        lath 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.37  
_exptl_crystal_size_mid           0.35  
_exptl_crystal_size_min           0.18  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.337  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1016  
_exptl_absorpt_coefficient_mu     0.090  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ?  
_exptl_absorpt_correction_T_max   ?  






 ?  
;  
  
_diffrn_ambient_temperature       110 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             29508 
_diffrn_reflns_av_R_equivalents   0.029  
_diffrn_reflns_av_sigmaI/netI     0.0360  
_diffrn_reflns_limit_h_min        -13  
_diffrn_reflns_limit_h_max        13  
_diffrn_reflns_limit_k_min        -21  
_diffrn_reflns_limit_k_max        21  
_diffrn_reflns_limit_l_min        -19  
_diffrn_reflns_limit_l_max        19  
_diffrn_reflns_theta_min          2.7 
_diffrn_reflns_theta_max          28.7 
_reflns_number_total              3183  
_reflns_number_gt                 2633  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
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 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0409P)^2^+0.4288P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_abs_structure_details  ? 
_refine_ls_abs_structure_Flack    ? 
_refine_ls_number_reflns          3183  
_refine_ls_number_parameters      332  
_refine_ls_number_restraints      1  
_refine_ls_R_factor_all           0.054  
_refine_ls_R_factor_gt            0.038  
_refine_ls_wR_factor_ref          0.088  
_refine_ls_wR_factor_gt           0.082  
_refine_ls_goodness_of_fit_ref    1.037  
_refine_ls_restrained_S_all       1.037  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.49840(17) 0.62231(9) 0.33454(11) 0.0297(3) Uani 1 1 d . . .  
H1O H 0.478(3) 0.6283(16) 0.274(2) 0.045 Uiso 1 1 d . . .  
O2 O 0.47762(18) 0.70647(11) 0.18444(10) 0.0369(4) Uani 1 1 d . . .  
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O3 O 0.84722(18) 0.93133(10) 0.42576(11) 0.0387(4) Uani 1 1 d . . .  
O4 O 0.40934(18) 0.81164(10) 0.50907(11) 0.0369(4) Uani 1 1 d . . .  
O5 O 0.77013(19) 0.54040(10) 0.69229(11) 0.0381(4) Uani 1 1 d . . .  
C1 C 0.4916(2) 0.70543(13) 0.36864(14) 0.0247(4) Uani 1 1 d . . .  
C2 C 0.5790(2) 0.76442(14) 0.31252(14) 0.0262(5) Uani 1 1 d . . .  
C3 C 0.5664(2) 0.76383(14) 0.21782(15) 0.0304(5) Uani 1 1 d . . .  
C4 C 0.6388(2) 0.81822(15) 0.16596(15) 0.0322(5) Uani 1 1 d . . .  
H4 H 0.6288 0.8164 0.1036 0.039 Uiso 1 1 calc R . .  
C5 C 0.7282(2) 0.87694(14) 0.20483(16) 0.0297(5) Uani 1 1 d . . .  
C6 C 0.8043(3) 0.93355(15) 0.15244(16) 0.0366(6) Uani 1 1 d . . .  
H6 H 0.7946 0.9333 0.0900 0.044 Uiso 1 1 calc R . .  
C7 C 0.8911(3) 0.98793(15) 0.19175(18) 0.0397(6) Uani 1 1 d . . .  
H7 H 0.9402 1.0263 0.1562 0.048 Uiso 1 1 calc R . .  
C8 C 0.9100(2) 0.98880(14) 0.28430(18) 0.0349(5) Uani 1 1 d . . .  
H8 H 0.9733 1.0261 0.3105 0.042 Uiso 1 1 calc R . .  
C9 C 0.8364(2) 0.93555(13) 0.33579(16) 0.0298(5) Uani 1 1 d . . .  
C10 C 0.7425(2) 0.87853(13) 0.29771(15) 0.0274(5) Uani 1 1 d . . .  
C11 C 0.6661(2) 0.82089(13) 0.34959(14) 0.0254(4) Uani 1 1 d . . .  
H11 H 0.6761 0.8218 0.4120 0.030 Uiso 1 1 calc R . .  
C12 C 0.4654(3) 0.70048(17) 0.08980(16) 0.0407(6) Uani 1 1 d . . .  
H12A H 0.4321 0.7531 0.0661 0.061 Uiso 1 1 calc R . .  
H12B H 0.4003 0.6565 0.0748 0.061 Uiso 1 1 calc R . .  
H12C H 0.5553 0.6878 0.0642 0.061 Uiso 1 1 calc R . .  
C13 C 0.9562(3) 0.97843(19) 0.4646(2) 0.0529(7) Uani 1 1 d . . .  
H13A H 1.0440 0.9613 0.4389 0.079 Uiso 1 1 calc R . .  
H13B H 0.9577 0.9689 0.5285 0.079 Uiso 1 1 calc R . .  
H13C H 0.9412 1.0373 0.4529 0.079 Uiso 1 1 calc R . .  
C14 C 0.5442(2) 0.69817(13) 0.46492(14) 0.0242(4) Uani 1 1 d . . .  
C15 C 0.4904(2) 0.74579(13) 0.53246(15) 0.0269(4) Uani 1 1 d . . .  
C16 C 0.5186(2) 0.72954(14) 0.62226(15) 0.0304(5) Uani 1 1 d . . .  
H16 H 0.4786 0.7630 0.6670 0.036 Uiso 1 1 calc R . .  
C17 C 0.6030(2) 0.66607(13) 0.64479(15) 0.0275(5) Uani 1 1 d . . .  
H17 H 0.6163 0.6528 0.7053 0.033 Uiso 1 1 calc R . .  
C18 C 0.6708(2) 0.61986(13) 0.57913(15) 0.0255(4) Uani 1 1 d . . .  
C19 C 0.7644(2) 0.55517(14) 0.60283(15) 0.0297(5) Uani 1 1 d . . .  
C20 C 0.8403(2) 0.51519(14) 0.54055(16) 0.0312(5) Uani 1 1 d . . .  
H20 H 0.9010 0.4718 0.5568 0.037 Uiso 1 1 calc R . .  
C21 C 0.8269(2) 0.53939(14) 0.45169(16) 0.0307(5) Uani 1 1 d . . .  
H21 H 0.8845 0.5144 0.4087 0.037 Uiso 1 1 calc R . .  
C22 C 0.7337(2) 0.59781(13) 0.42475(16) 0.0268(4) Uani 1 1 d . . .  
H22 H 0.7262 0.6113 0.3639 0.032 Uiso 1 1 calc R . .  
C23 C 0.6479(2) 0.63852(12) 0.48789(14) 0.0243(4) Uani 1 1 d . . .  
C24 C 0.3255(3) 0.84905(16) 0.57565(18) 0.0384(6) Uani 1 1 d . . .  
H24A H 0.2782 0.8059 0.6093 0.058 Uiso 1 1 calc R . .  
H24B H 0.2575 0.8852 0.5476 0.058 Uiso 1 1 calc R . .  
H24C H 0.3833 0.8816 0.6155 0.058 Uiso 1 1 calc R . .  
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C25 C 0.8614(3) 0.47642(15) 0.72081(18) 0.0448(7) Uani 1 1 d . . .  
H25A H 0.8313 0.4234 0.6963 0.067 Uiso 1 1 calc R . .  
H25B H 0.8609 0.4735 0.7855 0.067 Uiso 1 1 calc R . .  
H25C H 0.9546 0.4886 0.7001 0.067 Uiso 1 1 calc R . .  
C26 C 0.3386(2) 0.73028(13) 0.36368(13) 0.0246(4) Uani 1 1 d . . .  
C27 C 0.2417(2) 0.67361(13) 0.39244(15) 0.0297(5) Uani 1 1 d . . .  
H27 H 0.2710 0.6227 0.4173 0.036 Uiso 1 1 calc R . .  
C28 C 0.1019(2) 0.69040(15) 0.38535(16) 0.0345(5) Uani 1 1 d . . .  
H28 H 0.0365 0.6505 0.4040 0.041 Uiso 1 1 calc R . .  
C29 C 0.0584(2) 0.76517(16) 0.35112(16) 0.0365(6) Uani 1 1 d . . .  
H29 H -0.0368 0.7772 0.3472 0.044 Uiso 1 1 calc R . .  
C30 C 0.1542(3) 0.82217(16) 0.32270(16) 0.0358(5) Uani 1 1 d . . .  
H30 H 0.1247 0.8736 0.2991 0.043 Uiso 1 1 calc R . .  
C31 C 0.2934(2) 0.80465(14) 0.32847(15) 0.0298(5) Uani 1 1 d . . .  
H31 H 0.3585 0.8440 0.3081 0.036 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0344(8) 0.0235(7) 0.0313(8) -0.0070(7) -0.0038(7) 0.0043(6)  
O2 0.0400(10) 0.0439(10) 0.0268(8) -0.0053(7) -0.0064(7) -0.0038(8)  
O3 0.0427(10) 0.0389(9) 0.0345(9) -0.0036(8) -0.0017(8) -0.0114(8)  
O4 0.0481(10) 0.0309(9) 0.0319(8) -0.0077(7) -0.0074(8) 0.0179(8)  
O5 0.0492(11) 0.0348(9) 0.0303(9) 0.0024(7) -0.0086(8) 0.0131(8)  
C1 0.0259(10) 0.0228(10) 0.0255(10) -0.0020(8) -0.0018(8) 0.0009(8)  
C2 0.0262(11) 0.0280(11) 0.0243(10) 0.0011(8) 0.0008(8) 0.0059(9)  
C3 0.0285(11) 0.0334(12) 0.0294(11) -0.0052(9) -0.0020(9) 0.0048(10)  
C4 0.0351(13) 0.0390(12) 0.0224(10) 0.0009(9) -0.0010(9) 0.0093(10)  
C5 0.0248(12) 0.0314(12) 0.0331(12) 0.0021(9) 0.0033(9) 0.0100(9)  
C6 0.0384(13) 0.0412(14) 0.0302(12) 0.0077(11) 0.0075(10) 0.0089(11)  
C7 0.0356(14) 0.0358(13) 0.0476(14) 0.0083(11) 0.0129(11) 0.0042(11)  
C8 0.0282(12) 0.0275(11) 0.0489(14) -0.0005(10) 0.0055(11) 0.0018(10)  
C9 0.0290(11) 0.0274(11) 0.0329(12) 0.0001(9) 0.0017(9) 0.0062(9)  
C10 0.0227(10) 0.0261(10) 0.0335(11) 0.0011(9) 0.0021(9) 0.0067(9)  
C11 0.0236(10) 0.0265(10) 0.0260(10) 0.0000(8) -0.0004(8) 0.0043(9)  
C12 0.0440(14) 0.0492(15) 0.0289(12) -0.0100(11) -0.0089(11) 0.0069(13)  
C13 0.0591(18) 0.0553(18) 0.0443(15) -0.0113(13) -0.0058(14) -0.0192(15)  
C14 0.0244(10) 0.0222(10) 0.0260(10) 0.0010(8) -0.0021(9) -0.0017(9)  
C15 0.0287(11) 0.0223(11) 0.0298(10) -0.0002(9) -0.0043(9) 0.0041(9)  
C16 0.0318(11) 0.0306(12) 0.0288(11) -0.0065(9) -0.0017(9) 0.0042(9)  
C17 0.0280(11) 0.0292(11) 0.0252(10) 0.0005(9) -0.0033(9) -0.0034(9)  
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C18 0.0229(11) 0.0218(10) 0.0319(11) -0.0003(9) -0.0031(9) -0.0019(9)  
C19 0.0322(12) 0.0260(11) 0.0308(11) 0.0012(9) -0.0076(10) -0.0007(10)  
C20 0.0279(12) 0.0258(12) 0.0398(12) -0.0020(9) -0.0063(10) 0.0047(9)  
C21 0.0255(11) 0.0269(11) 0.0399(13) -0.0066(9) 0.0013(10) 0.0005(9)  
C22 0.0251(11) 0.0256(10) 0.0297(10) -0.0019(9) 0.0015(9) -0.0012(9)  
C23 0.0232(10) 0.0196(10) 0.0303(11) -0.0016(8) -0.0016(8) -0.0038(8)  
C24 0.0293(12) 0.0376(13) 0.0482(14) -0.0078(12) 0.0011(11) 0.0113(11)  
C25 0.0616(18) 0.0347(13) 0.0381(13) 0.0007(11) -0.0152(13) 0.0157(13)  
C26 0.0264(10) 0.0258(10) 0.0214(9) -0.0036(8) -0.0026(8) 0.0025(9)  
C27 0.0325(11) 0.0275(10) 0.0291(10) -0.0007(9) 0.0018(9) 0.0026(10)  
C28 0.0288(12) 0.0412(14) 0.0337(12) -0.0073(10) 0.0037(10) -0.0052(10)  
C29 0.0257(12) 0.0532(15) 0.0307(12) -0.0093(11) -0.0046(10) 0.0078(11)  
C30 0.0364(13) 0.0385(13) 0.0324(12) -0.0005(10) -0.0043(10) 0.0123(11)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C1 1.443(3) . ?  
O1 H1O 0.94(3) . ?  
O2 C3 1.366(3) . ?  
O2 C12 1.441(3) . ?  
O3 C9 1.368(3) . ?  
O3 C13 1.433(3) . ?  
O4 C15 1.373(3) . ?  
O4 C24 1.432(3) . ?  
O5 C19 1.376(3) . ?  
O5 C25 1.432(3) . ?  
C1 C2 1.536(3) . ?  
C1 C26 1.545(3) . ?  
C1 C14 1.549(3) . ?  
C2 C11 1.368(3) . ?  
C2 C3 1.439(3) . ?  
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C3 C4 1.374(3) . ?  
C4 C5 1.417(3) . ?  
C4 H4 0.9500 . ?  
C5 C10 1.413(3) . ?  
C5 C6 1.421(3) . ?  
C6 C7 1.358(4) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.413(4) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.365(3) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.421(3) . ?  
C10 C11 1.429(3) . ?  
C11 H11 0.9500 . ?  
C12 H12A 0.9800 . ?  
C12 H12B 0.9800 . ?  
C12 H12C 0.9800 . ?  
C13 H13A 0.9800 . ?  
C13 H13B 0.9800 . ?  
C13 H13C 0.9800 . ?  
C14 C15 1.384(3) . ?  
C14 C23 1.440(3) . ?  
C15 C16 1.411(3) . ?  
C16 C17 1.359(3) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.409(3) . ?  
C17 H17 0.9500 . ?  
C18 C23 1.431(3) . ?  
C18 C19 1.434(3) . ?  
C19 C20 1.361(3) . ?  
C20 C21 1.407(3) . ?  
C20 H20 0.9500 . ?  
C21 C22 1.373(3) . ?  
C21 H21 0.9500 . ?  
C22 C23 1.431(3) . ?  
C22 H22 0.9500 . ?  
C24 H24A 0.9800 . ?  
C24 H24B 0.9800 . ?  
C24 H24C 0.9800 . ?  
C25 H25A 0.9800 . ?  
C25 H25B 0.9800 . ?  
C25 H25C 0.9800 . ?  
C26 C27 1.386(3) . ?  
C26 C31 1.388(3) . ?  
C27 C28 1.393(3) . ?  
C27 H27 0.9500 . ?  
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C28 C29 1.383(4) . ?  
C28 H28 0.9500 . ?  
C29 C30 1.381(4) . ?  
C29 H29 0.9500 . ?  
C30 C31 1.389(3) . ?  
C30 H30 0.9500 . ?  
C31 H31 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 O1 H1O 104.0(16) . . ?  
C3 O2 C12 117.8(2) . . ?  
C9 O3 C13 116.0(2) . . ?  
C15 O4 C24 118.36(19) . . ?  
C19 O5 C25 116.6(2) . . ?  
O1 C1 C2 110.88(17) . . ?  
O1 C1 C26 105.66(17) . . ?  
C2 C1 C26 110.24(17) . . ?  
O1 C1 C14 104.51(17) . . ?  
C2 C1 C14 112.57(17) . . ?  
C26 C1 C14 112.62(17) . . ?  
C11 C2 C3 117.8(2) . . ?  
C11 C2 C1 122.19(19) . . ?  
C3 C2 C1 120.0(2) . . ?  
O2 C3 C4 123.3(2) . . ?  
O2 C3 C2 115.3(2) . . ?  
C4 C3 C2 121.4(2) . . ?  
C3 C4 C5 120.5(2) . . ?  
C3 C4 H4 119.7 . . ?  
C5 C4 H4 119.7 . . ?  
C10 C5 C4 119.1(2) . . ?  
C10 C5 C6 119.5(2) . . ?  
C4 C5 C6 121.5(2) . . ?  
C7 C6 C5 119.9(2) . . ?  
C7 C6 H6 120.0 . . ?  
C5 C6 H6 120.0 . . ?  
C6 C7 C8 121.5(2) . . ?  
C6 C7 H7 119.3 . . ?  
C8 C7 H7 119.3 . . ?  
C9 C8 C7 119.4(2) . . ?  
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C9 C8 H8 120.3 . . ?  
C7 C8 H8 120.3 . . ?  
C8 C9 O3 124.0(2) . . ?  
C8 C9 C10 121.1(2) . . ?  
O3 C9 C10 114.9(2) . . ?  
C5 C10 C9 118.6(2) . . ?  
C5 C10 C11 118.9(2) . . ?  
C9 C10 C11 122.4(2) . . ?  
C2 C11 C10 122.3(2) . . ?  
C2 C11 H11 118.8 . . ?  
C10 C11 H11 118.8 . . ?  
O2 C12 H12A 109.5 . . ?  
O2 C12 H12B 109.5 . . ?  
H12A C12 H12B 109.5 . . ?  
O2 C12 H12C 109.5 . . ?  
H12A C12 H12C 109.5 . . ?  
H12B C12 H12C 109.5 . . ?  
O3 C13 H13A 109.5 . . ?  
O3 C13 H13B 109.5 . . ?  
H13A C13 H13B 109.5 . . ?  
O3 C13 H13C 109.5 . . ?  
H13A C13 H13C 109.5 . . ?  
H13B C13 H13C 109.5 . . ?  
C15 C14 C23 117.45(19) . . ?  
C15 C14 C1 121.82(19) . . ?  
C23 C14 C1 120.68(18) . . ?  
O4 C15 C14 117.38(19) . . ?  
O4 C15 C16 120.33(19) . . ?  
C14 C15 C16 122.3(2) . . ?  
C17 C16 C15 120.0(2) . . ?  
C17 C16 H16 120.0 . . ?  
C15 C16 H16 120.0 . . ?  
C16 C17 C18 120.5(2) . . ?  
C16 C17 H17 119.7 . . ?  
C18 C17 H17 119.7 . . ?  
C17 C18 C23 119.69(19) . . ?  
C17 C18 C19 120.6(2) . . ?  
C23 C18 C19 119.7(2) . . ?  
C20 C19 O5 125.2(2) . . ?  
C20 C19 C18 121.3(2) . . ?  
O5 C19 C18 113.5(2) . . ?  
C19 C20 C21 118.6(2) . . ?  
C19 C20 H20 120.7 . . ?  
C21 C20 H20 120.7 . . ?  
C22 C21 C20 122.5(2) . . ?  
C22 C21 H21 118.8 . . ?  
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C20 C21 H21 118.8 . . ?  
C21 C22 C23 120.3(2) . . ?  
C21 C22 H22 119.8 . . ?  
C23 C22 H22 119.8 . . ?  
C22 C23 C18 117.14(19) . . ?  
C22 C23 C14 123.89(19) . . ?  
C18 C23 C14 118.95(18) . . ?  
O4 C24 H24A 109.5 . . ?  
O4 C24 H24B 109.5 . . ?  
H24A C24 H24B 109.5 . . ?  
O4 C24 H24C 109.5 . . ?  
H24A C24 H24C 109.5 . . ?  
H24B C24 H24C 109.5 . . ?  
O5 C25 H25A 109.5 . . ?  
O5 C25 H25B 109.5 . . ?  
H25A C25 H25B 109.5 . . ?  
O5 C25 H25C 109.5 . . ?  
H25A C25 H25C 109.5 . . ?  
H25B C25 H25C 109.5 . . ?  
C27 C26 C31 118.6(2) . . ?  
C27 C26 C1 117.97(18) . . ?  
C31 C26 C1 123.4(2) . . ?  
C26 C27 C28 120.8(2) . . ?  
C26 C27 H27 119.6 . . ?  
C28 C27 H27 119.6 . . ?  
C29 C28 C27 120.0(2) . . ?  
C29 C28 H28 120.0 . . ?  
C27 C28 H28 120.0 . . ?  
C30 C29 C28 119.6(2) . . ?  
C30 C29 H29 120.2 . . ?  
C28 C29 H29 120.2 . . ?  
C29 C30 C31 120.3(2) . . ?  
C29 C30 H30 119.9 . . ?  
C31 C30 H30 119.9 . . ?  
C26 C31 C30 120.7(2) . . ?  
C26 C31 H31 119.6 . . ?  
C30 C31 H31 119.6 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
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 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O1 C1 C2 C11 -134.2(2) . . . . ?  
C26 C1 C2 C11 109.1(2) . . . . ?  
C14 C1 C2 C11 -17.6(3) . . . . ?  
O1 C1 C2 C3 48.4(3) . . . . ?  
C26 C1 C2 C3 -68.2(3) . . . . ?  
C14 C1 C2 C3 165.1(2) . . . . ?  
C12 O2 C3 C4 3.2(3) . . . . ?  
C12 O2 C3 C2 -177.3(2) . . . . ?  
C11 C2 C3 O2 -179.73(19) . . . . ?  
C1 C2 C3 O2 -2.3(3) . . . . ?  
C11 C2 C3 C4 -0.2(3) . . . . ?  
C1 C2 C3 C4 177.2(2) . . . . ?  
O2 C3 C4 C5 179.3(2) . . . . ?  
C2 C3 C4 C5 -0.2(3) . . . . ?  
C3 C4 C5 C10 0.4(3) . . . . ?  
C3 C4 C5 C6 179.8(2) . . . . ?  
C10 C5 C6 C7 0.7(3) . . . . ?  
C4 C5 C6 C7 -178.7(2) . . . . ?  
C5 C6 C7 C8 1.2(4) . . . . ?  
C6 C7 C8 C9 -2.0(4) . . . . ?  
C7 C8 C9 O3 179.8(2) . . . . ?  
C7 C8 C9 C10 0.9(3) . . . . ?  
C13 O3 C9 C8 -8.7(3) . . . . ?  
C13 O3 C9 C10 170.4(2) . . . . ?  
C4 C5 C10 C9 177.6(2) . . . . ?  
C6 C5 C10 C9 -1.8(3) . . . . ?  
C4 C5 C10 C11 -0.1(3) . . . . ?  
C6 C5 C10 C11 -179.6(2) . . . . ?  
C8 C9 C10 C5 1.0(3) . . . . ?  
O3 C9 C10 C5 -178.1(2) . . . . ?  
C8 C9 C10 C11 178.7(2) . . . . ?  
O3 C9 C10 C11 -0.4(3) . . . . ?  
C3 C2 C11 C10 0.5(3) . . . . ?  
C1 C2 C11 C10 -176.91(19) . . . . ?  
C5 C10 C11 C2 -0.3(3) . . . . ?  
C9 C10 C11 C2 -178.0(2) . . . . ?  
O1 C1 C14 C15 -144.5(2) . . . . ?  
C2 C1 C14 C15 95.1(2) . . . . ?  
C26 C1 C14 C15 -30.3(3) . . . . ?  
O1 C1 C14 C23 32.9(2) . . . . ?  
C2 C1 C14 C23 -87.5(2) . . . . ?  
C26 C1 C14 C23 147.09(18) . . . . ?  
C24 O4 C15 C14 164.7(2) . . . . ?  
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C24 O4 C15 C16 -16.6(3) . . . . ?  
C23 C14 C15 O4 169.29(18) . . . . ?  
C1 C14 C15 O4 -13.3(3) . . . . ?  
C23 C14 C15 C16 -9.4(3) . . . . ?  
C1 C14 C15 C16 168.0(2) . . . . ?  
O4 C15 C16 C17 -177.6(2) . . . . ?  
C14 C15 C16 C17 1.1(3) . . . . ?  
C15 C16 C17 C18 4.7(3) . . . . ?  
C16 C17 C18 C23 -1.7(3) . . . . ?  
C16 C17 C18 C19 177.3(2) . . . . ?  
C25 O5 C19 C20 -1.5(4) . . . . ?  
C25 O5 C19 C18 179.9(2) . . . . ?  
C17 C18 C19 C20 -173.8(2) . . . . ?  
C23 C18 C19 C20 5.2(3) . . . . ?  
C17 C18 C19 O5 4.9(3) . . . . ?  
C23 C18 C19 O5 -176.1(2) . . . . ?  
O5 C19 C20 C21 -177.6(2) . . . . ?  
C18 C19 C20 C21 1.0(3) . . . . ?  
C19 C20 C21 C22 -4.5(3) . . . . ?  
C20 C21 C22 C23 1.8(3) . . . . ?  
C21 C22 C23 C18 4.3(3) . . . . ?  
C21 C22 C23 C14 -177.6(2) . . . . ?  
C17 C18 C23 C22 171.35(19) . . . . ?  
C19 C18 C23 C22 -7.7(3) . . . . ?  
C17 C18 C23 C14 -6.8(3) . . . . ?  
C19 C18 C23 C14 174.19(19) . . . . ?  
C15 C14 C23 C22 -166.0(2) . . . . ?  
C1 C14 C23 C22 16.6(3) . . . . ?  
C15 C14 C23 C18 12.1(3) . . . . ?  
C1 C14 C23 C18 -165.41(19) . . . . ?  
O1 C1 C26 C27 45.1(2) . . . . ?  
C2 C1 C26 C27 164.99(19) . . . . ?  
C14 C1 C26 C27 -68.4(2) . . . . ?  
O1 C1 C26 C31 -132.0(2) . . . . ?  
C2 C1 C26 C31 -12.1(3) . . . . ?  
C14 C1 C26 C31 114.6(2) . . . . ?  
C31 C26 C27 C28 0.7(3) . . . . ?  
C1 C26 C27 C28 -176.5(2) . . . . ?  
C26 C27 C28 C29 -1.5(3) . . . . ?  
C27 C28 C29 C30 1.2(4) . . . . ?  
C28 C29 C30 C31 -0.1(4) . . . . ?  
C27 C26 C31 C30 0.4(3) . . . . ?  
C1 C26 C31 C30 177.5(2) . . . . ?  





 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O1 H1O O2  0.94(3) 1.85(3) 2.657(2) 141(2) .  
  
_diffrn_measured_fraction_theta_max    0.993  
_diffrn_reflns_theta_full              28.7  
_diffrn_measured_fraction_theta_full   0.993  
_refine_diff_density_max    0.21 
_refine_diff_density_min   -0.17 
_refine_diff_density_rms    0.036  





Figure B15.  Crystal structure of compound 3.6 
 
Table  B15.  CIF data for compound 3.6 
data_6 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety     'C32 H26 O6'  
_chemical_formula_sum        'C32 H26 O6'  
_chemical_formula_weight          506.53  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
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 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    7.859(6)  
_cell_length_b                    11.146(7)  
_cell_length_c                    14.964(15)  
_cell_angle_alpha                 81.92(3)  
_cell_angle_beta                  85.92(3)  
_cell_angle_gamma                 72.84(5)  
_cell_volume                      1239.4(17)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     110 
_cell_measurement_reflns_used     2815 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        23.3 
  
_exptl_crystal_description        needle 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.27  
_exptl_crystal_size_mid           0.07  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.357  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              532  
_exptl_absorpt_coefficient_mu     0.093  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ?  









_diffrn_ambient_temperature       110 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             11508 
_diffrn_reflns_av_R_equivalents   0.197 
_diffrn_reflns_av_sigmaI/netI     0.3646  
_diffrn_reflns_limit_h_min        -8  
_diffrn_reflns_limit_h_max        8  
_diffrn_reflns_limit_k_min        -12  
_diffrn_reflns_limit_k_max        12  
_diffrn_reflns_limit_l_min        -16  
_diffrn_reflns_limit_l_max        16  
_diffrn_reflns_theta_min          2.7  
_diffrn_reflns_theta_max          23.6  
_reflns_number_total              3244  
_reflns_number_gt                 879  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection  'COLLECT (Nonius, 2000)' 
_computing_data_reduction  'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_cell_refinement    'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_structure_solution   'SIR97 (Altomare et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics    'ORTEP-3 (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  





_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1504P)^2^] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3244  
_refine_ls_number_parameters      187  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.360  
_refine_ls_R_factor_gt            0.120  
_refine_ls_wR_factor_ref          0.377  
_refine_ls_wR_factor_gt           0.265  
_refine_ls_goodness_of_fit_ref    0.951  
_refine_ls_restrained_S_all       0.951  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.0977(10) 0.2347(8) 0.7360(5) 0.075(3) Uani 1 1 d . . .  
O2 O -0.0197(11) 0.0813(8) 0.7990(6) 0.100(3) Uani 1 1 d . . .  
O3 O 0.0772(10) 0.4968(7) 0.6382(6) 0.084(3) Uani 1 1 d . . .  
O4 O 0.3349(11) 0.4074(8) 1.0328(6) 0.093(3) Uani 1 1 d . . .  
O5 O 0.5316(10) 0.3846(7) 0.6809(5) 0.075(3) Uani 1 1 d . . .  
O6 O 0.2159(12) 0.0710(8) 0.4585(6) 0.093(3) Uani 1 1 d . . .  
C1 C 0.2664(16) 0.2721(11) 0.7349(8) 0.064(3) Uiso 1 1 d . . .  
C2 C 0.2113(13) 0.3970(10) 0.7766(8) 0.054(3) Uiso 1 1 d . . .  
C3 C 0.1110(16) 0.5088(13) 0.7246(9) 0.070(4) Uiso 1 1 d . . .  
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C4 C 0.0540(15) 0.6200(12) 0.7602(8) 0.074(4) Uiso 1 1 d . . .  
H4 H -0.0121 0.6947 0.7249 0.089 Uiso 1 1 calc R . .  
C5 C 0.0938(16) 0.6239(13) 0.8503(9) 0.078(4) Uiso 1 1 d . . .  
C6 C 0.0326(16) 0.7395(13) 0.8895(9) 0.090(4) Uiso 1 1 d . . .  
H6 H -0.0362 0.8149 0.8561 0.108 Uiso 1 1 calc R . .  
C7 C 0.0757(15) 0.7384(12) 0.9761(9) 0.082(4) Uiso 1 1 d . . .  
H7 H 0.0374 0.8158 1.0016 0.098 Uiso 1 1 calc R . .  
C8 C 0.1735(16) 0.6297(13) 1.0304(9) 0.090(4) Uiso 1 1 d . . .  
H8 H 0.1965 0.6313 1.0916 0.108 Uiso 1 1 calc R . .  
C9 C 0.2345(16) 0.5197(13) 0.9892(9) 0.073(4) Uiso 1 1 d . . .  
C10 C 0.1933(15) 0.5144(13) 0.9001(9) 0.073(4) Uiso 1 1 d . . .  
C11 C 0.2511(14) 0.4007(12) 0.8621(8) 0.067(4) Uiso 1 1 d . . .  
H11 H 0.3186 0.3259 0.8967 0.081 Uiso 1 1 calc R . .  
C12 C -0.0329(16) 0.6067(11) 0.5886(8) 0.088(4) Uiso 1 1 d . . .  
H12A H -0.1479 0.6342 0.6209 0.131 Uiso 1 1 calc R . .  
H12B H -0.0519 0.5876 0.5288 0.131 Uiso 1 1 calc R . .  
H12C H 0.0250 0.6744 0.5819 0.131 Uiso 1 1 calc R . .  
C13 C 0.3778(18) 0.4052(13) 1.1251(9) 0.104(5) Uiso 1 1 d . . .  
H13A H 0.4321 0.4728 1.1292 0.157 Uiso 1 1 calc R . .  
H13B H 0.4618 0.3231 1.1458 0.157 Uiso 1 1 calc R . .  
H13C H 0.2688 0.4180 1.1632 0.157 Uiso 1 1 calc R . .  
C14 C 0.3483(15) 0.2656(11) 0.6400(8) 0.065(4) Uiso 1 1 d . . .  
C15 C 0.4842(17) 0.3237(12) 0.6170(9) 0.074(4) Uiso 1 1 d . . .  
C16 C 0.5722(16) 0.3164(11) 0.5328(9) 0.081(4) Uiso 1 1 d . . .  
H16 H 0.6608 0.3585 0.5162 0.098 Uiso 1 1 calc R . .  
C17 C 0.5246(16) 0.2426(11) 0.4714(9) 0.074(4) Uiso 1 1 d . . .  
C18 C 0.6204(18) 0.2400(13) 0.3854(10) 0.099(5) Uiso 1 1 d . . .  
H18 H 0.7084 0.2829 0.3696 0.118 Uiso 1 1 calc R . .  
C19 C 0.5714(18) 0.1680(13) 0.3273(10) 0.098(5) Uiso 1 1 d . . .  
H19 H 0.6347 0.1583 0.2711 0.118 Uiso 1 1 calc R . .  
C20 C 0.4365(17) 0.1100(12) 0.3466(10) 0.095(5) Uiso 1 1 d . . .  
H20 H 0.4031 0.0653 0.3045 0.114 Uiso 1 1 calc R . .  
C21 C 0.355(2) 0.1216(13) 0.4304(11) 0.087(4) Uiso 1 1 d . . .  
C22 C 0.3894(16) 0.1881(11) 0.4987(9) 0.071(4) Uiso 1 1 d . . .  
C23 C 0.3054(15) 0.1995(11) 0.5824(9) 0.076(4) Uiso 1 1 d . . .  
H23 H 0.2148 0.1593 0.5994 0.092 Uiso 1 1 calc R . .  
C24 C 0.6832(18) 0.4320(12) 0.6624(9) 0.102(5) Uiso 1 1 d . . .  
H24A H 0.7912 0.3610 0.6586 0.153 Uiso 1 1 calc R . .  
H24B H 0.6936 0.4795 0.7111 0.153 Uiso 1 1 calc R . .  
H24C H 0.6683 0.4878 0.6050 0.153 Uiso 1 1 calc R . .  
C25 C 0.1520(18) 0.0051(13) 0.3955(10) 0.112(5) Uiso 1 1 d . . .  
H25A H 0.1369 0.0560 0.3360 0.168 Uiso 1 1 calc R . .  
H25B H 0.0375 -0.0073 0.4182 0.168 Uiso 1 1 calc R . .  
H25C H 0.2391 -0.0774 0.3902 0.168 Uiso 1 1 calc R . .  
C26 C 0.3776(14) 0.1572(10) 0.7975(7) 0.058(3) Uiso 1 1 d . . .  
C27 C 0.5556(14) 0.1321(11) 0.8227(7) 0.065(4) Uiso 1 1 d . . .  
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H27 H 0.6230 0.1898 0.8041 0.078 Uiso 1 1 calc R . .  
C28 C 0.6251(15) 0.0205(11) 0.8750(7) 0.063(3) Uiso 1 1 d . . .  
H28 H 0.7453 0.0003 0.8922 0.076 Uiso 1 1 calc R . .  
C29 C 0.5327(14) -0.0639(11) 0.9042(7) 0.065(4) Uiso 1 1 d . . .  
H29 H 0.5907 -0.1413 0.9393 0.078 Uiso 1 1 calc R . .  
C30 C 0.3589(16) -0.0396(12) 0.8841(8) 0.081(4) Uiso 1 1 d . . .  
H30 H 0.2915 -0.0961 0.9069 0.097 Uiso 1 1 calc R . .  
C31 C 0.2826(15) 0.0751(11) 0.8270(8) 0.064(4) Uiso 1 1 d . . .  
C32 C 0.1038(18) 0.1262(14) 0.7889(9) 0.071(4) Uiso 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.072(5) 0.067(6) 0.079(6) -0.011(5) -0.009(5) -0.007(5)  
O2 0.082(6) 0.083(7) 0.132(9) 0.007(6) -0.015(6) -0.026(6)  
O3 0.082(6) 0.051(5) 0.089(7) 0.003(5) -0.037(5) 0.030(4)  
O4 0.110(7) 0.091(7) 0.071(7) -0.013(6) -0.026(6) -0.010(6)  
O5 0.068(5) 0.075(6) 0.082(7) -0.016(5) 0.000(5) -0.017(5)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C32 1.340(13) . ?  
O1 C1 1.501(12) . ?  
O2 C32 1.208(13) . ?  
O3 C3 1.371(13) . ?  
O3 C12 1.418(12) . ?  
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O4 C9 1.370(13) . ?  
O4 C13 1.440(13) . ?  
O5 C15 1.377(14) . ?  
O5 C24 1.434(13) . ?  
O6 C21 1.386(14) . ?  
O6 C25 1.470(14) . ?  
C1 C14 1.519(15) . ?  
C1 C2 1.537(14) . ?  
C1 C26 1.550(13) . ?  
C2 C11 1.347(13) . ?  
C2 C3 1.420(14) . ?  
C3 C4 1.359(15) . ?  
C4 C5 1.414(15) . ?  
C4 H4 0.9500 . ?  
C5 C10 1.386(14) . ?  
C5 C6 1.429(16) . ?  
C6 C7 1.360(15) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.408(14) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.391(15) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.407(15) . ?  
C10 C11 1.402(15) . ?  
C11 H11 0.9500 . ?  
C12 H12A 0.9800 . ?  
C12 H12B 0.9800 . ?  
C12 H12C 0.9800 . ?  
C13 H13A 0.9800 . ?  
C13 H13B 0.9800 . ?  
C13 H13C 0.9800 . ?  
C14 C23 1.329(14) . ?  
C14 C15 1.404(15) . ?  
C15 C16 1.394(15) . ?  
C16 C17 1.451(15) . ?  
C16 H16 0.9500 . ?  
C17 C22 1.384(14) . ?  
C17 C18 1.443(16) . ?  
C18 C19 1.405(17) . ?  
C18 H18 0.9500 . ?  
C19 C20 1.390(15) . ?  
C19 H19 0.9500 . ?  
C20 C21 1.372(16) . ?  
C20 H20 0.9500 . ?  
C21 C22 1.427(16) . ?  
C22 C23 1.379(15) . ?  
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C23 H23 0.9500 . ?  
C24 H24A 0.9800 . ?  
C24 H24B 0.9800 . ?  
C24 H24C 0.9800 . ?  
C25 H25A 0.9800 . ?  
C25 H25B 0.9800 . ?  
C25 H25C 0.9800 . ?  
C26 C31 1.353(13) . ?  
C26 C27 1.411(13) . ?  
C27 C28 1.358(12) . ?  
C27 H27 0.9500 . ?  
C28 C29 1.358(12) . ?  
C28 H28 0.9500 . ?  
C29 C30 1.360(13) . ?  
C29 H29 0.9500 . ?  
C30 C31 1.428(14) . ?  
C30 H30 0.9500 . ?  
C31 C32 1.474(15) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C32 O1 C1 113.4(9) . . ?  
C3 O3 C12 115.9(10) . . ?  
C9 O4 C13 117.6(11) . . ?  
C15 O5 C24 118.8(10) . . ?  
C21 O6 C25 118.7(12) . . ?  
O1 C1 C14 107.3(10) . . ?  
O1 C1 C2 104.6(9) . . ?  
C14 C1 C2 121.0(10) . . ?  
O1 C1 C26 98.9(8) . . ?  
C14 C1 C26 108.2(9) . . ?  
C2 C1 C26 114.1(10) . . ?  
C11 C2 C3 119.9(12) . . ?  
C11 C2 C1 121.2(11) . . ?  
C3 C2 C1 118.8(11) . . ?  
C4 C3 O3 123.2(12) . . ?  
C4 C3 C2 120.6(13) . . ?  
O3 C3 C2 116.2(12) . . ?  
C3 C4 C5 119.6(13) . . ?  
C3 C4 H4 120.2 . . ?  
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C5 C4 H4 120.2 . . ?  
C10 C5 C4 119.3(14) . . ?  
C10 C5 C6 120.3(14) . . ?  
C4 C5 C6 120.4(13) . . ?  
C7 C6 C5 118.2(14) . . ?  
C7 C6 H6 120.9 . . ?  
C5 C6 H6 120.9 . . ?  
C6 C7 C8 124.0(14) . . ?  
C6 C7 H7 118.0 . . ?  
C8 C7 H7 118.0 . . ?  
C9 C8 C7 116.2(13) . . ?  
C9 C8 H8 121.9 . . ?  
C7 C8 H8 121.9 . . ?  
O4 C9 C8 122.8(13) . . ?  
O4 C9 C10 114.7(13) . . ?  
C8 C9 C10 122.4(14) . . ?  
C5 C10 C11 120.2(13) . . ?  
C5 C10 C9 118.9(14) . . ?  
C11 C10 C9 120.9(12) . . ?  
C2 C11 C10 120.3(12) . . ?  
C2 C11 H11 119.8 . . ?  
C10 C11 H11 119.8 . . ?  
O3 C12 H12A 109.5 . . ?  
O3 C12 H12B 109.5 . . ?  
H12A C12 H12B 109.5 . . ?  
O3 C12 H12C 109.5 . . ?  
H12A C12 H12C 109.5 . . ?  
H12B C12 H12C 109.5 . . ?  
O4 C13 H13A 109.5 . . ?  
O4 C13 H13B 109.5 . . ?  
H13A C13 H13B 109.5 . . ?  
O4 C13 H13C 109.5 . . ?  
H13A C13 H13C 109.5 . . ?  
H13B C13 H13C 109.5 . . ?  
C23 C14 C15 120.2(13) . . ?  
C23 C14 C1 122.3(12) . . ?  
C15 C14 C1 117.4(12) . . ?  
O5 C15 C16 121.0(12) . . ?  
O5 C15 C14 118.1(13) . . ?  
C16 C15 C14 120.8(14) . . ?  
C15 C16 C17 118.1(13) . . ?  
C15 C16 H16 121.0 . . ?  
C17 C16 H16 121.0 . . ?  
C22 C17 C18 127.2(14) . . ?  
C22 C17 C16 117.8(13) . . ?  
C18 C17 C16 115.0(12) . . ?  
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C19 C18 C17 113.7(14) . . ?  
C19 C18 H18 123.2 . . ?  
C17 C18 H18 123.2 . . ?  
C20 C19 C18 124.5(15) . . ?  
C20 C19 H19 117.8 . . ?  
C18 C19 H19 117.8 . . ?  
C21 C20 C19 115.5(15) . . ?  
C21 C20 H20 122.2 . . ?  
C19 C20 H20 122.2 . . ?  
C20 C21 O6 122.1(15) . . ?  
C20 C21 C22 127.9(15) . . ?  
O6 C21 C22 110.0(13) . . ?  
C23 C22 C17 121.6(14) . . ?  
C23 C22 C21 127.2(13) . . ?  
C17 C22 C21 111.2(13) . . ?  
C14 C23 C22 121.4(13) . . ?  
C14 C23 H23 119.3 . . ?  
C22 C23 H23 119.3 . . ?  
O5 C24 H24A 109.5 . . ?  
O5 C24 H24B 109.5 . . ?  
H24A C24 H24B 109.5 . . ?  
O5 C24 H24C 109.5 . . ?  
H24A C24 H24C 109.5 . . ?  
H24B C24 H24C 109.5 . . ?  
O6 C25 H25A 109.5 . . ?  
O6 C25 H25B 109.5 . . ?  
H25A C25 H25B 109.5 . . ?  
O6 C25 H25C 109.5 . . ?  
H25A C25 H25C 109.5 . . ?  
H25B C25 H25C 109.5 . . ?  
C31 C26 C27 120.9(11) . . ?  
C31 C26 C1 111.1(10) . . ?  
C27 C26 C1 128.0(10) . . ?  
C28 C27 C26 116.1(11) . . ?  
C28 C27 H27 121.9 . . ?  
C26 C27 H27 121.9 . . ?  
C29 C28 C27 123.9(11) . . ?  
C29 C28 H28 118.1 . . ?  
C27 C28 H28 118.1 . . ?  
C28 C29 C30 121.2(12) . . ?  
C28 C29 H29 119.4 . . ?  
C30 C29 H29 119.4 . . ?  
C29 C30 C31 116.6(12) . . ?  
C29 C30 H30 121.7 . . ?  
C31 C30 H30 121.7 . . ?  
C26 C31 C30 121.3(11) . . ?  
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C26 C31 C32 108.3(11) . . ?  
C30 C31 C32 130.4(12) . . ?  
O2 C32 O1 123.0(12) . . ?  
O2 C32 C31 128.7(14) . . ?  
O1 C32 C31 108.2(12) . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C32 O1 C1 C14 114.3(10) . . . . ?  
C32 O1 C1 C2 -116.0(10) . . . . ?  
C32 O1 C1 C26 1.9(12) . . . . ?  
O1 C1 C2 C11 103.7(11) . . . . ?  
C14 C1 C2 C11 -135.2(11) . . . . ?  
C26 C1 C2 C11 -3.2(15) . . . . ?  
O1 C1 C2 C3 -73.8(11) . . . . ?  
C14 C1 C2 C3 47.2(15) . . . . ?  
C26 C1 C2 C3 179.2(9) . . . . ?  
C12 O3 C3 C4 -4.2(16) . . . . ?  
C12 O3 C3 C2 176.0(9) . . . . ?  
C11 C2 C3 C4 -0.1(16) . . . . ?  
C1 C2 C3 C4 177.5(11) . . . . ?  
C11 C2 C3 O3 179.7(10) . . . . ?  
C1 C2 C3 O3 -2.7(15) . . . . ?  
O3 C3 C4 C5 179.6(10) . . . . ?  
C2 C3 C4 C5 -0.6(17) . . . . ?  
C3 C4 C5 C10 1.2(17) . . . . ?  
C3 C4 C5 C6 -179.0(11) . . . . ?  
C10 C5 C6 C7 0.3(18) . . . . ?  
C4 C5 C6 C7 -179.5(10) . . . . ?  
C5 C6 C7 C8 -1.5(18) . . . . ?  
C6 C7 C8 C9 3.0(18) . . . . ?  
C13 O4 C9 C8 -0.1(16) . . . . ?  
C13 O4 C9 C10 -178.3(10) . . . . ?  
C7 C8 C9 O4 178.4(10) . . . . ?  
C7 C8 C9 C10 -3.5(18) . . . . ?  
C4 C5 C10 C11 -1.1(17) . . . . ?  
C6 C5 C10 C11 179.1(11) . . . . ?  
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C4 C5 C10 C9 179.0(10) . . . . ?  
C6 C5 C10 C9 -0.8(17) . . . . ?  
O4 C9 C10 C5 -179.3(10) . . . . ?  
C8 C9 C10 C5 2.5(18) . . . . ?  
O4 C9 C10 C11 0.8(16) . . . . ?  
C8 C9 C10 C11 -177.4(11) . . . . ?  
C3 C2 C11 C10 0.2(16) . . . . ?  
C1 C2 C11 C10 -177.3(10) . . . . ?  
C5 C10 C11 C2 0.4(17) . . . . ?  
C9 C10 C11 C2 -179.7(11) . . . . ?  
O1 C1 C14 C23 -19.5(15) . . . . ?  
C2 C1 C14 C23 -139.2(12) . . . . ?  
C26 C1 C14 C23 86.4(13) . . . . ?  
O1 C1 C14 C15 165.9(9) . . . . ?  
C2 C1 C14 C15 46.1(15) . . . . ?  
C26 C1 C14 C15 -88.3(12) . . . . ?  
C24 O5 C15 C16 -5.1(16) . . . . ?  
C24 O5 C15 C14 173.0(9) . . . . ?  
C23 C14 C15 O5 -176.1(10) . . . . ?  
C1 C14 C15 O5 -1.3(16) . . . . ?  
C23 C14 C15 C16 2.0(18) . . . . ?  
C1 C14 C15 C16 176.8(10) . . . . ?  
O5 C15 C16 C17 175.4(10) . . . . ?  
C14 C15 C16 C17 -2.6(17) . . . . ?  
C15 C16 C17 C22 2.6(16) . . . . ?  
C15 C16 C17 C18 179.7(11) . . . . ?  
C22 C17 C18 C19 -3.1(18) . . . . ?  
C16 C17 C18 C19 -179.9(11) . . . . ?  
C17 C18 C19 C20 3.7(19) . . . . ?  
C18 C19 C20 C21 -3(2) . . . . ?  
C19 C20 C21 O6 178.7(11) . . . . ?  
C19 C20 C21 C22 2(2) . . . . ?  
C25 O6 C21 C20 -1.3(18) . . . . ?  
C25 O6 C21 C22 176.4(10) . . . . ?  
C18 C17 C22 C23 -178.7(11) . . . . ?  
C16 C17 C22 C23 -1.9(17) . . . . ?  
C18 C17 C22 C21 1.8(18) . . . . ?  
C16 C17 C22 C21 178.5(10) . . . . ?  
C20 C21 C22 C23 179.6(12) . . . . ?  
O6 C21 C22 C23 2.1(18) . . . . ?  
C20 C21 C22 C17 -0.9(19) . . . . ?  
O6 C21 C22 C17 -178.3(9) . . . . ?  
C15 C14 C23 C22 -1.3(18) . . . . ?  
C1 C14 C23 C22 -175.8(10) . . . . ?  
C17 C22 C23 C14 1.3(18) . . . . ?  
C21 C22 C23 C14 -179.2(12) . . . . ?  
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O1 C1 C26 C31 -0.7(12) . . . . ?  
C14 C1 C26 C31 -112.3(12) . . . . ?  
C2 C1 C26 C31 109.8(11) . . . . ?  
O1 C1 C26 C27 178.0(11) . . . . ?  
C14 C1 C26 C27 66.3(15) . . . . ?  
C2 C1 C26 C27 -71.6(14) . . . . ?  
C31 C26 C27 C28 1.9(16) . . . . ?  
C1 C26 C27 C28 -176.6(11) . . . . ?  
C26 C27 C28 C29 -1.0(17) . . . . ?  
C27 C28 C29 C30 -1.7(18) . . . . ?  
C28 C29 C30 C31 3.4(18) . . . . ?  
C27 C26 C31 C30 -0.1(18) . . . . ?  
C1 C26 C31 C30 178.6(10) . . . . ?  
C27 C26 C31 C32 -179.4(10) . . . . ?  
C1 C26 C31 C32 -0.6(13) . . . . ?  
C29 C30 C31 C26 -2.5(18) . . . . ?  
C29 C30 C31 C32 176.5(12) . . . . ?  
C1 O1 C32 O2 179.4(12) . . . . ?  
C1 O1 C32 C31 -2.4(13) . . . . ?  
C26 C31 C32 O2 179.9(13) . . . . ?  
C30 C31 C32 O2 1(2) . . . . ?  
C26 C31 C32 O1 1.8(14) . . . . ?  
C30 C31 C32 O1 -177.3(11) . . . . ?  
  
_diffrn_measured_fraction_theta_max    0.875  
_diffrn_reflns_theta_full              23.6  
_diffrn_measured_fraction_theta_full   0.875  
_refine_diff_density_max    0.37  
_refine_diff_density_min   -0.33  
_refine_diff_density_rms    0.066  






Figure B16.  Crystal structure of compound 3.7 
 
Table  B16.  CIF data for compound 3.7 
data_7 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety      'C27 H26 O5'  
_chemical_formula_sum         'C27 H26 O5'  
_chemical_formula_weight          430.48  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
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 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    8.6597(15)  
_cell_length_b                    11.155(2)  
_cell_length_c                    11.818(3)  
_cell_angle_alpha                 100.030(10)  
_cell_angle_beta                  99.201(13)  
_cell_angle_gamma                 97.783(13)  
_cell_volume                      1093.9(4)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     110 
_cell_measurement_reflns_used     6036 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        30.9 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.45  
_exptl_crystal_size_mid           0.40  
_exptl_crystal_size_min           0.10  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.307  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              456  
_exptl_absorpt_coefficient_mu     0.089  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 






 ?  
;  
  
_diffrn_ambient_temperature       110  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type     'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method              ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             23533 
_diffrn_reflns_av_R_equivalents   0.039  
_diffrn_reflns_av_sigmaI/netI     0.0653  
_diffrn_reflns_limit_h_min        -12  
_diffrn_reflns_limit_h_max        12  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        16  
_diffrn_reflns_limit_l_min        -16  
_diffrn_reflns_limit_l_max        17  
_diffrn_reflns_theta_min          2.7  
_diffrn_reflns_theta_max          30.9  
_reflns_number_total              6705  
_reflns_number_gt                 4214  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)'  
_computing_cell_refinement 
                           'Denzo and Scalepack (Otwinowski & Minor, 1997)' 
_computing_data_reduction 
                           'Denzo and Scalepack (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement         'SHELXL-97 (Sheldrick, 1997)' 
_computing_molecular_graphics           'Ortep-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
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 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0538P)^2^+0.0751P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.007(2)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          6705  
_refine_ls_number_parameters      297  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.096  
_refine_ls_R_factor_gt            0.049  
_refine_ls_wR_factor_ref          0.123  
_refine_ls_wR_factor_gt           0.108  
_refine_ls_goodness_of_fit_ref    1.045  
_refine_ls_restrained_S_all       1.045  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.44585(11) 0.92613(8) 0.71713(8) 0.0217(2) Uani 1 1 d . . .  
H10H H 0.5215(19) 0.9212(14) 0.6808(14) 0.033 Uiso 1 1 d . . .  
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O2 O 0.27788(11) 0.57107(8) 0.52688(9) 0.0314(2) Uani 1 1 d . . .  
O3 O 0.74217(11) 0.52416(9) 0.97526(9) 0.0315(2) Uani 1 1 d . . .  
O4 O 0.55638(10) 0.82555(9) 0.52737(8) 0.0238(2) Uani 1 1 d . . .  
O5 O 0.15001(11) 0.78872(9) 0.18134(8) 0.0286(2) Uani 1 1 d . . .  
C1 C 0.33357(14) 0.81214(11) 0.67248(11) 0.0179(3) Uani 1 1 d . . .  
C2 C 0.40824(14) 0.70179(11) 0.70590(11) 0.0179(3) Uani 1 1 d . . .  
C3 C 0.38174(15) 0.58707(12) 0.63061(11) 0.0209(3) Uani 1 1 d . . .  
C4 C 0.45913(16) 0.48989(12) 0.65857(12) 0.0244(3) Uani 1 1 d . . .  
H4 H 0.4435 0.4144 0.6033 0.029 Uiso 1 1 calc R . .  
C5 C 0.55592(15) 0.50341(12) 0.76400(12) 0.0244(3) Uani 1 1 d . . .  
H5 H 0.6106 0.4384 0.7808 0.029 Uiso 1 1 calc R . .  
C6 C 0.57608(14) 0.61292(12) 0.84883(12) 0.0203(3) Uani 1 1 d . . .  
C7 C 0.67057(15) 0.62414(12) 0.96202(12) 0.0241(3) Uani 1 1 d . . .  
C8 C 0.68606(16) 0.72795(13) 1.04659(12) 0.0274(3) Uani 1 1 d . . .  
H8 H 0.7499 0.7352 1.1215 0.033 Uiso 1 1 calc R . .  
C9 C 0.60498(16) 0.82416(13) 1.02003(12) 0.0267(3) Uani 1 1 d . . .  
H9 H 0.6127 0.8954 1.0793 0.032 Uiso 1 1 calc R . .  
C10 C 0.51626(15) 0.81864(12) 0.91276(12) 0.0219(3) Uani 1 1 d . . .  
H10 H 0.4642 0.8857 0.8986 0.026 Uiso 1 1 calc R . .  
C11 C 0.50044(14) 0.71282(11) 0.82084(11) 0.0191(3) Uani 1 1 d . . .  
C12 C 0.20511(18) 0.44933(13) 0.46852(14) 0.0344(4) Uani 1 1 d . . .  
H12A H 0.2843 0.4057 0.4364 0.052 Uiso 1 1 calc R . .  
H12B H 0.1195 0.4532 0.4048 0.052 Uiso 1 1 calc R . .  
H12C H 0.1614 0.4051 0.5241 0.052 Uiso 1 1 calc R . .  
C13 C 0.83540(19) 0.52713(15) 1.08730(14) 0.0370(4) Uani 1 1 d . . .  
H13A H 0.9217 0.5981 1.1064 0.055 Uiso 1 1 calc R . .  
H13B H 0.8801 0.4508 1.0856 0.055 Uiso 1 1 calc R . .  
H13C H 0.7683 0.5344 1.1467 0.055 Uiso 1 1 calc R . .  
C14 C 0.28569(14) 0.80506(11) 0.54047(11) 0.0183(3) Uani 1 1 d . . .  
C15 C 0.40117(14) 0.81510(11) 0.46996(12) 0.0190(3) Uani 1 1 d . . .  
C16 C 0.36182(15) 0.81212(11) 0.35062(12) 0.0211(3) Uani 1 1 d . . .  
H16 H 0.4426 0.8206 0.3054 0.025 Uiso 1 1 calc R . .  
C17 C 0.20303(15) 0.79655(11) 0.29820(11) 0.0217(3) Uani 1 1 d . . .  
C18 C 0.08603(15) 0.78807(12) 0.36572(12) 0.0237(3) Uani 1 1 d . . .  
H18 H -0.0226 0.7788 0.3305 0.028 Uiso 1 1 calc R . .  
C19 C 0.12879(14) 0.79329(12) 0.48435(12) 0.0209(3) Uani 1 1 d . . .  
H19 H 0.0476 0.7886 0.5296 0.025 Uiso 1 1 calc R . .  
C20 C 0.68213(15) 0.86074(13) 0.46806(13) 0.0274(3) Uani 1 1 d . . .  
H20A H 0.6840 0.7935 0.4030 0.041 Uiso 1 1 calc R . .  
H20B H 0.7838 0.8776 0.5229 0.041 Uiso 1 1 calc R . .  
H20C H 0.6646 0.9351 0.4377 0.041 Uiso 1 1 calc R . .  
C21 C 0.26577(18) 0.80669(14) 0.10925(13) 0.0309(3) Uani 1 1 d . . .  
H21A H 0.3348 0.8867 0.1405 0.046 Uiso 1 1 calc R . .  
H21B H 0.2120 0.8051 0.0293 0.046 Uiso 1 1 calc R . .  
H21C H 0.3297 0.7406 0.1085 0.046 Uiso 1 1 calc R . .  
C22 C 0.19124(14) 0.82782(12) 0.73253(11) 0.0192(3) Uani 1 1 d . . .  
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C23 C 0.10051(15) 0.72653(12) 0.75785(12) 0.0231(3) Uani 1 1 d . . .  
H23 H 0.1294 0.6472 0.7404 0.028 Uiso 1 1 calc R . .  
C24 C -0.03184(16) 0.74018(14) 0.80839(13) 0.0290(3) Uani 1 1 d . . .  
H24 H -0.0931 0.6702 0.8248 0.035 Uiso 1 1 calc R . .  
C25 C -0.07453(17) 0.85482(15) 0.83476(13) 0.0334(4) Uani 1 1 d . . .  
H25 H -0.1644 0.8642 0.8701 0.040 Uiso 1 1 calc R . .  
C26 C 0.01419(17) 0.95657(14) 0.80949(14) 0.0334(4) Uani 1 1 d . . .  
H26 H -0.0147 1.0359 0.8278 0.040 Uiso 1 1 calc R . .  
C27 C 0.14546(16) 0.94240(13) 0.75739(12) 0.0258(3) Uani 1 1 d . . .  
H27 H 0.2044 1.0121 0.7386 0.031 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0205(5) 0.0169(4) 0.0260(5) 0.0021(4) 0.0050(4) -0.0012(4)  
O2 0.0416(6) 0.0176(5) 0.0268(6) -0.0008(4) -0.0087(5) 0.0011(4)  
O3 0.0343(5) 0.0299(5) 0.0311(6) 0.0105(4) -0.0020(4) 0.0118(4)  
O4 0.0151(4) 0.0298(5) 0.0281(5) 0.0092(4) 0.0059(4) 0.0029(4)  
O5 0.0304(5) 0.0377(6) 0.0184(5) 0.0063(4) 0.0052(4) 0.0064(4)  
C1 0.0167(6) 0.0158(6) 0.0197(7) 0.0021(5) 0.0029(5) -0.0003(5)  
C2 0.0166(6) 0.0176(6) 0.0202(7) 0.0049(5) 0.0039(5) 0.0030(5)  
C3 0.0220(6) 0.0201(6) 0.0193(7) 0.0027(5) 0.0032(5) 0.0016(5)  
C4 0.0301(7) 0.0161(6) 0.0257(8) 0.0003(5) 0.0058(6) 0.0037(5)  
C5 0.0264(7) 0.0191(7) 0.0297(8) 0.0075(6) 0.0056(6) 0.0072(5)  
C6 0.0175(6) 0.0214(6) 0.0229(7) 0.0061(5) 0.0052(5) 0.0030(5)  
C7 0.0230(7) 0.0250(7) 0.0267(7) 0.0102(6) 0.0043(6) 0.0057(5)  
C8 0.0268(7) 0.0338(8) 0.0202(7) 0.0060(6) 0.0009(6) 0.0041(6)  
C9 0.0295(7) 0.0278(7) 0.0212(7) 0.0014(6) 0.0048(6) 0.0042(6)  
C10 0.0218(6) 0.0209(7) 0.0229(7) 0.0032(5) 0.0050(5) 0.0043(5)  
C11 0.0166(6) 0.0199(6) 0.0217(7) 0.0051(5) 0.0063(5) 0.0018(5)  
C12 0.0352(8) 0.0251(8) 0.0335(9) -0.0043(6) -0.0041(7) -0.0028(6)  
C13 0.0368(8) 0.0410(9) 0.0346(9) 0.0164(7) -0.0034(7) 0.0122(7)  
C14 0.0215(6) 0.0140(6) 0.0198(7) 0.0041(5) 0.0040(5) 0.0029(5)  
C15 0.0173(6) 0.0152(6) 0.0249(7) 0.0047(5) 0.0045(5) 0.0030(5)  
C16 0.0228(6) 0.0191(6) 0.0235(7) 0.0053(5) 0.0091(5) 0.0045(5)  
C17 0.0275(7) 0.0190(6) 0.0184(7) 0.0037(5) 0.0033(5) 0.0048(5)  
C18 0.0188(6) 0.0271(7) 0.0238(7) 0.0043(6) 0.0010(5) 0.0038(5)  
C19 0.0177(6) 0.0214(7) 0.0239(7) 0.0042(5) 0.0060(5) 0.0022(5)  
C20 0.0197(6) 0.0260(7) 0.0394(9) 0.0086(6) 0.0125(6) 0.0031(5)  
C21 0.0394(8) 0.0348(8) 0.0201(7) 0.0062(6) 0.0098(6) 0.0064(6)  
C22 0.0183(6) 0.0222(6) 0.0160(6) 0.0022(5) 0.0020(5) 0.0035(5)  
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C23 0.0221(6) 0.0247(7) 0.0228(7) 0.0056(6) 0.0040(5) 0.0042(5)  
C24 0.0234(7) 0.0377(8) 0.0269(8) 0.0085(6) 0.0081(6) 0.0018(6)  
C25 0.0262(7) 0.0463(10) 0.0311(9) 0.0070(7) 0.0118(6) 0.0116(7)  
C26 0.0342(8) 0.0331(8) 0.0362(9) 0.0033(7) 0.0124(7) 0.0155(6)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C1 1.4519(14) . ?  
O1 H10H 0.842(16) . ?  
O2 C3 1.3679(16) . ?  
O2 C12 1.4212(16) . ?  
O3 C7 1.3674(16) . ?  
O3 C13 1.4289(18) . ?  
O4 C15 1.3852(15) . ?  
O4 C20 1.4337(15) . ?  
O5 C17 1.3675(16) . ?  
O5 C21 1.4314(16) . ?  
C1 C22 1.5323(16) . ?  
C1 C14 1.5341(18) . ?  
C1 C2 1.5469(18) . ?  
C2 C3 1.3930(17) . ?  
C2 C11 1.4373(18) . ?  
C3 C4 1.4086(19) . ?  
C4 C5 1.3580(19) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.4097(18) . ?  
C5 H5 0.9500 . ?  
C6 C11 1.4273(18) . ?  
C6 C7 1.4278(19) . ?  
C7 C8 1.3674(19) . ?  
C8 C9 1.412(2) . ?  
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C8 H8 0.9500 . ?  
C9 C10 1.3600(19) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.4332(18) . ?  
C10 H10 0.9500 . ?  
C12 H12A 0.9800 . ?  
C12 H12B 0.9800 . ?  
C12 H12C 0.9800 . ?  
C13 H13A 0.9800 . ?  
C13 H13B 0.9800 . ?  
C13 H13C 0.9800 . ?  
C14 C19 1.3916(18) . ?  
C14 C15 1.4056(17) . ?  
C15 C16 1.3905(19) . ?  
C16 C17 1.3893(18) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.3897(18) . ?  
C18 C19 1.3804(19) . ?  
C18 H18 0.9500 . ?  
C19 H19 0.9500 . ?  
C20 H20A 0.9800 . ?  
C20 H20B 0.9800 . ?  
C20 H20C 0.9800 . ?  
C21 H21A 0.9800 . ?  
C21 H21B 0.9800 . ?  
C21 H21C 0.9800 . ?  
C22 C27 1.3859(19) . ?  
C22 C23 1.3914(18) . ?  
C23 C24 1.3885(18) . ?  
C23 H23 0.9500 . ?  
C24 C25 1.377(2) . ?  
C24 H24 0.9500 . ?  
C25 C26 1.387(2) . ?  
C25 H25 0.9500 . ?  
C26 C27 1.3910(19) . ?  
C26 H26 0.9500 . ?  
C27 H27 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
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C1 O1 H10H 106.5(11) . . ?  
C3 O2 C12 118.91(11) . . ?  
C7 O3 C13 117.25(12) . . ?  
C15 O4 C20 118.43(11) . . ?  
C17 O5 C21 117.94(11) . . ?  
O1 C1 C22 105.43(9) . . ?  
O1 C1 C14 106.02(10) . . ?  
C22 C1 C14 110.32(10) . . ?  
O1 C1 C2 109.99(10) . . ?  
C22 C1 C2 109.94(10) . . ?  
C14 C1 C2 114.68(10) . . ?  
C3 C2 C11 117.42(12) . . ?  
C3 C2 C1 122.35(12) . . ?  
C11 C2 C1 120.11(11) . . ?  
O2 C3 C2 117.86(12) . . ?  
O2 C3 C4 120.31(11) . . ?  
C2 C3 C4 121.83(12) . . ?  
C5 C4 C3 120.40(12) . . ?  
C5 C4 H4 119.8 . . ?  
C3 C4 H4 119.8 . . ?  
C4 C5 C6 120.68(12) . . ?  
C4 C5 H5 119.7 . . ?  
C6 C5 H5 119.7 . . ?  
C5 C6 C11 119.39(12) . . ?  
C5 C6 C7 120.56(12) . . ?  
C11 C6 C7 120.05(12) . . ?  
C8 C7 O3 124.86(13) . . ?  
C8 C7 C6 121.15(13) . . ?  
O3 C7 C6 113.98(12) . . ?  
C7 C8 C9 118.48(13) . . ?  
C7 C8 H8 120.8 . . ?  
C9 C8 H8 120.8 . . ?  
C10 C9 C8 122.43(13) . . ?  
C10 C9 H9 118.8 . . ?  
C8 C9 H9 118.8 . . ?  
C9 C10 C11 120.79(13) . . ?  
C9 C10 H10 119.6 . . ?  
C11 C10 H10 119.6 . . ?  
C6 C11 C10 116.99(12) . . ?  
C6 C11 C2 119.71(11) . . ?  
C10 C11 C2 123.25(12) . . ?  
O2 C12 H12A 109.5 . . ?  
O2 C12 H12B 109.5 . . ?  
H12A C12 H12B 109.5 . . ?  
O2 C12 H12C 109.5 . . ?  
H12A C12 H12C 109.5 . . ?  
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H12B C12 H12C 109.5 . . ?  
O3 C13 H13A 109.5 . . ?  
O3 C13 H13B 109.5 . . ?  
H13A C13 H13B 109.5 . . ?  
O3 C13 H13C 109.5 . . ?  
H13A C13 H13C 109.5 . . ?  
H13B C13 H13C 109.5 . . ?  
C19 C14 C15 116.20(12) . . ?  
C19 C14 C1 122.88(11) . . ?  
C15 C14 C1 120.88(11) . . ?  
O4 C15 C16 122.49(11) . . ?  
O4 C15 C14 115.23(12) . . ?  
C16 C15 C14 122.26(12) . . ?  
C17 C16 C15 119.25(11) . . ?  
C17 C16 H16 120.4 . . ?  
C15 C16 H16 120.4 . . ?  
O5 C17 C16 124.45(11) . . ?  
O5 C17 C18 115.63(11) . . ?  
C16 C17 C18 119.92(12) . . ?  
C19 C18 C17 119.53(12) . . ?  
C19 C18 H18 120.2 . . ?  
C17 C18 H18 120.2 . . ?  
C18 C19 C14 122.80(12) . . ?  
C18 C19 H19 118.6 . . ?  
C14 C19 H19 118.6 . . ?  
O4 C20 H20A 109.5 . . ?  
O4 C20 H20B 109.5 . . ?  
H20A C20 H20B 109.5 . . ?  
O4 C20 H20C 109.5 . . ?  
H20A C20 H20C 109.5 . . ?  
H20B C20 H20C 109.5 . . ?  
O5 C21 H21A 109.5 . . ?  
O5 C21 H21B 109.5 . . ?  
H21A C21 H21B 109.5 . . ?  
O5 C21 H21C 109.5 . . ?  
H21A C21 H21C 109.5 . . ?  
H21B C21 H21C 109.5 . . ?  
C27 C22 C23 118.57(12) . . ?  
C27 C22 C1 120.55(11) . . ?  
C23 C22 C1 120.80(11) . . ?  
C24 C23 C22 120.74(13) . . ?  
C24 C23 H23 119.6 . . ?  
C22 C23 H23 119.6 . . ?  
C25 C24 C23 120.21(13) . . ?  
C25 C24 H24 119.9 . . ?  
C23 C24 H24 119.9 . . ?  
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C24 C25 C26 119.74(13) . . ?  
C24 C25 H25 120.1 . . ?  
C26 C25 H25 120.1 . . ?  
C25 C26 C27 119.95(14) . . ?  
C25 C26 H26 120.0 . . ?  
C27 C26 H26 120.0 . . ?  
C22 C27 C26 120.77(13) . . ?  
C22 C27 H27 119.6 . . ?  
C26 C27 H27 119.6 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O1 C1 C2 C3 -142.24(11) . . . . ?  
C22 C1 C2 C3 102.09(13) . . . . ?  
C14 C1 C2 C3 -22.88(15) . . . . ?  
O1 C1 C2 C11 41.89(14) . . . . ?  
C22 C1 C2 C11 -73.78(13) . . . . ?  
C14 C1 C2 C11 161.24(10) . . . . ?  
C12 O2 C3 C2 -157.77(12) . . . . ?  
C12 O2 C3 C4 22.64(17) . . . . ?  
C11 C2 C3 O2 171.84(10) . . . . ?  
C1 C2 C3 O2 -4.13(17) . . . . ?  
C11 C2 C3 C4 -8.57(18) . . . . ?  
C1 C2 C3 C4 175.45(11) . . . . ?  
O2 C3 C4 C5 -176.57(12) . . . . ?  
C2 C3 C4 C5 3.86(19) . . . . ?  
C3 C4 C5 C6 2.36(19) . . . . ?  
C4 C5 C6 C11 -3.38(18) . . . . ?  
C4 C5 C6 C7 176.34(12) . . . . ?  
C13 O3 C7 C8 2.33(19) . . . . ?  
C13 O3 C7 C6 -178.37(11) . . . . ?  
C5 C6 C7 C8 -177.42(12) . . . . ?  
C11 C6 C7 C8 2.30(19) . . . . ?  
C5 C6 C7 O3 3.25(17) . . . . ?  
C11 C6 C7 O3 -177.03(11) . . . . ?  
O3 C7 C8 C9 179.86(12) . . . . ?  
C6 C7 C8 C9 0.61(19) . . . . ?  
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C7 C8 C9 C10 -2.0(2) . . . . ?  
C8 C9 C10 C11 0.3(2) . . . . ?  
C5 C6 C11 C10 175.94(11) . . . . ?  
C7 C6 C11 C10 -3.78(17) . . . . ?  
C5 C6 C11 C2 -1.58(17) . . . . ?  
C7 C6 C11 C2 178.70(11) . . . . ?  
C9 C10 C11 C6 2.51(18) . . . . ?  
C9 C10 C11 C2 179.93(12) . . . . ?  
C3 C2 C11 C6 7.34(17) . . . . ?  
C1 C2 C11 C6 -176.59(10) . . . . ?  
C3 C2 C11 C10 -170.02(11) . . . . ?  
C1 C2 C11 C10 6.06(17) . . . . ?  
O1 C1 C14 C19 -123.81(12) . . . . ?  
C22 C1 C14 C19 -10.14(16) . . . . ?  
C2 C1 C14 C19 114.64(13) . . . . ?  
O1 C1 C14 C15 53.70(14) . . . . ?  
C22 C1 C14 C15 167.37(11) . . . . ?  
C2 C1 C14 C15 -67.85(14) . . . . ?  
C20 O4 C15 C16 13.60(17) . . . . ?  
C20 O4 C15 C14 -167.70(11) . . . . ?  
C19 C14 C15 O4 -179.41(10) . . . . ?  
C1 C14 C15 O4 2.92(16) . . . . ?  
C19 C14 C15 C16 -0.70(18) . . . . ?  
C1 C14 C15 C16 -178.37(11) . . . . ?  
O4 C15 C16 C17 177.46(11) . . . . ?  
C14 C15 C16 C17 -1.15(19) . . . . ?  
C21 O5 C17 C16 -4.76(18) . . . . ?  
C21 O5 C17 C18 175.14(12) . . . . ?  
C15 C16 C17 O5 -178.08(12) . . . . ?  
C15 C16 C17 C18 2.02(19) . . . . ?  
O5 C17 C18 C19 179.08(11) . . . . ?  
C16 C17 C18 C19 -1.01(19) . . . . ?  
C17 C18 C19 C14 -0.95(19) . . . . ?  
C15 C14 C19 C18 1.77(18) . . . . ?  
C1 C14 C19 C18 179.38(12) . . . . ?  
O1 C1 C22 C27 34.78(16) . . . . ?  
C14 C1 C22 C27 -79.27(14) . . . . ?  
C2 C1 C22 C27 153.29(12) . . . . ?  
O1 C1 C22 C23 -148.49(12) . . . . ?  
C14 C1 C22 C23 97.46(14) . . . . ?  
C2 C1 C22 C23 -29.98(16) . . . . ?  
C27 C22 C23 C24 -0.9(2) . . . . ?  
C1 C22 C23 C24 -177.64(12) . . . . ?  
C22 C23 C24 C25 -0.4(2) . . . . ?  
C23 C24 C25 C26 0.7(2) . . . . ?  
C24 C25 C26 C27 0.2(2) . . . . ?  
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C23 C22 C27 C26 1.7(2) . . . . ?  
C1 C22 C27 C26 178.54(13) . . . . ?  
C25 C26 C27 C22 -1.4(2) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O1 H10H O4  0.842(16) 2.026(16) 2.7028(14) 136.9(14) .  
  
_diffrn_measured_fraction_theta_max    0.975  
_diffrn_reflns_theta_full              25.0  
_diffrn_measured_fraction_theta_full   0.998  
_refine_diff_density_max    0.35  
_refine_diff_density_min   -0.25  
_refine_diff_density_rms    0.051  




Figure B17.  Crystal structure of compound3.8 
 
Table  B17.  CIF data for compound 3.8 
data_8 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety      'C27 H26 O5'  
_chemical_formula_sum         'C27 H26 O5'  
_chemical_formula_weight          430.48  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
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 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    11.822(5)  
_cell_length_b                    14.537(9)  
_cell_length_c                    15.298(11)  
_cell_angle_alpha                 64.48(2)  
_cell_angle_beta                  69.89(3)  
_cell_angle_gamma                 88.38(3)  
_cell_volume                      2206(2)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     110 
_cell_measurement_reflns_used     5958 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        23.3 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.35  
_exptl_crystal_size_mid           0.23  
_exptl_crystal_size_min           0.07  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.296  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              912  
_exptl_absorpt_coefficient_mu     0.089  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 






 ?  
;  
  
_diffrn_ambient_temperature       110 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type     'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method              ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             23401 
_diffrn_reflns_av_R_equivalents   0.076  
_diffrn_reflns_av_sigmaI/netI     0.115  
_diffrn_reflns_limit_h_min        -13  
_diffrn_reflns_limit_h_max        12  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        16  
_diffrn_reflns_limit_l_min        -17  
_diffrn_reflns_limit_l_max        17  
_diffrn_reflns_theta_min          2.5  
_diffrn_reflns_theta_max          23.4  
_reflns_number_total              6283  
_reflns_number_gt                 3167  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)'  
_computing_cell_refinement 
                           'Denzo and Scalepack (Otwinowski & Minor, 1997)' 
_computing_data_reduction 
                           'Denzo and Scalepack (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement         'SHELXL-97 (Sheldrick, 1997)' 
_computing_molecular_graphics           'Ortep-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
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 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1514P)^2^] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          6283  
_refine_ls_number_parameters      587  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.179  
_refine_ls_R_factor_gt            0.094  
_refine_ls_wR_factor_ref          0.273  
_refine_ls_wR_factor_gt           0.225  
_refine_ls_goodness_of_fit_ref    1.030  
_refine_ls_restrained_S_all       1.030  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1A O 0.2638(3) 0.7871(3) 0.6848(3) 0.0417(10) Uani 1 1 d . . .  
H1A H 0.2455 0.7436 0.6676 0.063 Uiso 1 1 calc R . .  
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O2A O 0.1234(3) 1.0684(3) 0.6155(3) 0.0419(10) Uani 1 1 d . . .  
O3A O 0.4038(4) 0.8258(3) 0.9083(3) 0.0533(12) Uani 1 1 d . . .  
O4A O 0.0972(3) 0.7083(3) 0.6427(3) 0.0464(11) Uani 1 1 d . . .  
O5A O -0.3022(3) 0.6731(3) 0.8983(3) 0.0579(12) Uani 1 1 d . . .  
C1A C 0.1883(4) 0.8690(4) 0.6637(5) 0.0355(14) Uani 1 1 d . . .  
C2A C 0.2221(4) 0.9376(4) 0.7063(4) 0.0333(14) Uani 1 1 d . . .  
C3A C 0.1899(5) 1.0391(4) 0.6802(4) 0.0383(15) Uani 1 1 d . . .  
C4A C 0.2206(5) 1.1008(4) 0.7167(4) 0.0383(14) Uani 1 1 d . . .  
H4A H 0.1991 1.1683 0.6965 0.046 Uiso 1 1 calc R . .  
C5A C 0.2858(5) 1.0631(5) 0.7863(4) 0.0383(15) Uani 1 1 d . . .  
C6A C 0.3219(5) 1.1255(5) 0.8247(5) 0.0479(16) Uani 1 1 d . . .  
H6A H 0.3023 1.1936 0.8055 0.058 Uiso 1 1 calc R . .  
C7A C 0.3848(6) 1.0874(6) 0.8890(5) 0.0552(18) Uani 1 1 d . . .  
H7A H 0.4090 1.1293 0.9147 0.066 Uiso 1 1 calc R . .  
C8A C 0.4145(5) 0.9876(6) 0.9180(5) 0.0551(18) Uani 1 1 d . . .  
H8A H 0.4603 0.9636 0.9620 0.066 Uiso 1 1 calc R . .  
C9A C 0.3802(5) 0.9244(5) 0.8855(5) 0.0440(16) Uani 1 1 d . . .  
C10A C 0.3138(5) 0.9623(5) 0.8158(4) 0.0379(15) Uani 1 1 d . . .  
C11A C 0.2814(5) 0.9016(4) 0.7748(4) 0.0384(15) Uani 1 1 d . . .  
H11A H 0.3012 0.8335 0.7953 0.046 Uiso 1 1 calc R . .  
C12A C 0.0933(6) 1.1708(4) 0.5830(5) 0.0492(17) Uani 1 1 d . . .  
H12A H 0.0424 1.1792 0.6441 0.074 Uiso 1 1 calc R . .  
H12B H 0.0486 1.1831 0.5364 0.074 Uiso 1 1 calc R . .  
H12C H 0.1681 1.2202 0.5461 0.074 Uiso 1 1 calc R . .  
C13A C 0.4645(6) 0.7811(5) 0.9803(5) 0.0619(19) Uani 1 1 d . . .  
H13A H 0.5453 0.8207 0.9514 0.093 Uiso 1 1 calc R . .  
H13B H 0.4730 0.7098 0.9925 0.093 Uiso 1 1 calc R . .  
H13C H 0.4168 0.7822 1.0463 0.093 Uiso 1 1 calc R . .  
C14A C 0.0551(5) 0.8194(4) 0.7218(5) 0.0348(14) Uani 1 1 d . . .  
C15A C 0.0137(5) 0.7360(4) 0.7121(5) 0.0376(14) Uani 1 1 d . . .  
C16A C -0.1058(5) 0.6855(4) 0.7694(5) 0.0415(15) Uani 1 1 d . . .  
H16A H -0.1333 0.6303 0.7608 0.050 Uiso 1 1 calc R . .  
C17A C -0.1834(5) 0.7175(5) 0.8393(5) 0.0425(15) Uani 1 1 d . . .  
C18A C -0.1471(5) 0.7996(4) 0.8493(5) 0.0405(15) Uani 1 1 d . . .  
H18A H -0.2022 0.8225 0.8952 0.049 Uiso 1 1 calc R . .  
C19A C -0.0271(5) 0.8496(4) 0.7908(5) 0.0388(15) Uani 1 1 d . . .  
H19A H -0.0014 0.9060 0.7986 0.047 Uiso 1 1 calc R . .  
C20A C 0.0671(6) 0.6192(6) 0.6348(6) 0.067(2) Uani 1 1 d . . .  
H20A H 0.0316 0.5616 0.7047 0.101 Uiso 1 1 calc R . .  
H20B H 0.1408 0.6018 0.5941 0.101 Uiso 1 1 calc R . .  
H20C H 0.0082 0.6325 0.6003 0.101 Uiso 1 1 calc R . .  
C21A C -0.3389(7) 0.5774(7) 0.9045(6) 0.100(3) Uani 1 1 d . . .  
H21A H -0.3468 0.5891 0.8389 0.151 Uiso 1 1 calc R . .  
H21B H -0.4173 0.5456 0.9619 0.151 Uiso 1 1 calc R . .  
H21C H -0.2777 0.5317 0.9169 0.151 Uiso 1 1 calc R . .  
C22A C 0.2255(5) 0.9263(4) 0.5455(5) 0.0363(14) Uani 1 1 d . . .  
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C23A C 0.1443(5) 0.9486(4) 0.4944(5) 0.0416(15) Uani 1 1 d . . .  
H23A H 0.0597 0.9271 0.5338 0.050 Uiso 1 1 calc R . .  
C24A C 0.1841(5) 1.0015(5) 0.3870(5) 0.0462(16) Uani 1 1 d . . .  
H24A H 0.1266 1.0168 0.3537 0.055 Uiso 1 1 calc R . .  
C25A C 0.3069(5) 1.0325(5) 0.3275(5) 0.0506(17) Uani 1 1 d . . .  
H25A H 0.3340 1.0687 0.2537 0.061 Uiso 1 1 calc R . .  
C26A C 0.3893(5) 1.0104(5) 0.3765(5) 0.0455(16) Uani 1 1 d . . .  
H26A H 0.4739 1.0311 0.3363 0.055 Uiso 1 1 calc R . .  
C27A C 0.3498(5) 0.9578(4) 0.4844(5) 0.0435(16) Uani 1 1 d . . .  
H27A H 0.4077 0.9429 0.5172 0.052 Uiso 1 1 calc R . .  
O1B O 0.2352(3) 0.4620(3) 0.3110(3) 0.0410(10) Uani 1 1 d . . .  
H1B H 0.2485 0.4006 0.3339 0.062 Uiso 1 1 calc R . .  
O2B O 0.3758(3) 0.6734(3) 0.3801(3) 0.0431(11) Uani 1 1 d . . .  
O3B O 0.0734(3) 0.7091(3) 0.1020(3) 0.0493(11) Uani 1 1 d . . .  
O4B O 0.4034(3) 0.3389(3) 0.3499(3) 0.0456(11) Uani 1 1 d . . .  
O5B O 0.8003(4) 0.5180(3) 0.0893(4) 0.0643(13) Uani 1 1 d . . .  
C1B C 0.3091(5) 0.5209(4) 0.3328(5) 0.0348(14) Uani 1 1 d . . .  
C2B C 0.2733(5) 0.6293(4) 0.2920(4) 0.0368(14) Uani 1 1 d . . .  
C3B C 0.3088(5) 0.7056(4) 0.3169(5) 0.0375(15) Uani 1 1 d . . .  
C4B C 0.2783(5) 0.8025(4) 0.2795(4) 0.0369(14) Uani 1 1 d . . .  
H4B H 0.3011 0.8509 0.2989 0.044 Uiso 1 1 calc R . .  
C5B C 0.2120(5) 0.8318(4) 0.2109(4) 0.0377(15) Uani 1 1 d . . .  
C6B C 0.1817(5) 0.9317(5) 0.1711(5) 0.0447(16) Uani 1 1 d . . .  
H6B H 0.2050 0.9814 0.1888 0.054 Uiso 1 1 calc R . .  
C7B C 0.1176(5) 0.9566(5) 0.1059(5) 0.0480(16) Uani 1 1 d . . .  
H7B H 0.0985 1.0246 0.0774 0.058 Uiso 1 1 calc R . .  
C8B C 0.0805(5) 0.8850(5) 0.0810(5) 0.0446(16) Uani 1 1 d . . .  
H8B H 0.0355 0.9045 0.0365 0.054 Uiso 1 1 calc R . .  
C9B C 0.1071(5) 0.7872(5) 0.1188(5) 0.0398(15) Uani 1 1 d . . .  
C10B C 0.1767(4) 0.7574(4) 0.1874(4) 0.0356(14) Uani 1 1 d . . .  
C11B C 0.2100(4) 0.6583(4) 0.2264(4) 0.0354(14) Uani 1 1 d . . .  
H11B H 0.1880 0.6099 0.2066 0.042 Uiso 1 1 calc R . .  
C12B C 0.4023(6) 0.7433(5) 0.4160(5) 0.0487(16) Uani 1 1 d . . .  
H12D H 0.4579 0.8037 0.3569 0.073 Uiso 1 1 calc R . .  
H12E H 0.4406 0.7090 0.4672 0.073 Uiso 1 1 calc R . .  
H12F H 0.3267 0.7651 0.4484 0.073 Uiso 1 1 calc R . .  
C13B C 0.0078(6) 0.7356(5) 0.0337(5) 0.0565(18) Uani 1 1 d . . .  
H13D H -0.0625 0.7675 0.0582 0.085 Uiso 1 1 calc R . .  
H13E H -0.0202 0.6734 0.0328 0.085 Uiso 1 1 calc R . .  
H13F H 0.0611 0.7842 -0.0368 0.085 Uiso 1 1 calc R . .  
C14B C 0.4445(5) 0.5193(4) 0.2731(4) 0.0368(14) Uani 1 1 d . . .  
C15B C 0.4848(5) 0.4258(5) 0.2811(5) 0.0395(15) Uani 1 1 d . . .  
C16B C 0.6037(5) 0.4212(5) 0.2221(5) 0.0458(16) Uani 1 1 d . . .  
H16B H 0.6302 0.3569 0.2290 0.055 Uiso 1 1 calc R . .  
C17B C 0.6817(5) 0.5131(5) 0.1532(5) 0.0478(17) Uani 1 1 d . . .  
C18B C 0.6443(5) 0.6063(5) 0.1461(5) 0.0431(15) Uani 1 1 d . . .  
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H18B H 0.6994 0.6685 0.1015 0.052 Uiso 1 1 calc R . .  
C19B C 0.5266(5) 0.6079(4) 0.2042(4) 0.0359(14) Uani 1 1 d . . .  
H19B H 0.5008 0.6725 0.1966 0.043 Uiso 1 1 calc R . .  
C20B C 0.4330(6) 0.2410(5) 0.3571(6) 0.066(2) Uani 1 1 d . . .  
H20D H 0.4583 0.2432 0.2880 0.099 Uiso 1 1 calc R . .  
H20E H 0.3614 0.1887 0.4050 0.099 Uiso 1 1 calc R . .  
H20F H 0.4996 0.2236 0.3831 0.099 Uiso 1 1 calc R . .  
C21B C 0.8336(7) 0.4252(6) 0.0823(7) 0.100(3) Uani 1 1 d . . .  
H21D H 0.8432 0.3765 0.1470 0.150 Uiso 1 1 calc R . .  
H21E H 0.9106 0.4411 0.0235 0.150 Uiso 1 1 calc R . .  
H21F H 0.7699 0.3945 0.0716 0.150 Uiso 1 1 calc R . .  
C22B C 0.2739(5) 0.4711(4) 0.4512(5) 0.0353(14) Uani 1 1 d . . .  
C23B C 0.3594(5) 0.4473(4) 0.4997(5) 0.0419(15) Uani 1 1 d . . .  
H23B H 0.4438 0.4612 0.4587 0.050 Uiso 1 1 calc R . .  
C24B C 0.3215(5) 0.4040(4) 0.6060(5) 0.0448(16) Uani 1 1 d . . .  
H24B H 0.3805 0.3897 0.6376 0.054 Uiso 1 1 calc R . .  
C25B C 0.2007(6) 0.3807(4) 0.6677(5) 0.0484(16) Uani 1 1 d . . .  
H25B H 0.1760 0.3507 0.7413 0.058 Uiso 1 1 calc R . .  
C26B C 0.1140(5) 0.4016(4) 0.6208(5) 0.0453(16) Uani 1 1 d . . .  
H26B H 0.0297 0.3851 0.6623 0.054 Uiso 1 1 calc R . .  
C27B C 0.1519(5) 0.4462(4) 0.5140(5) 0.0415(15) Uani 1 1 d . . .  
H27B H 0.0927 0.4602 0.4825 0.050 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1A 0.035(2) 0.051(3) 0.052(3) -0.026(2) -0.027(2) 0.0145(19)  
O2A 0.046(2) 0.046(3) 0.045(3) -0.023(2) -0.028(2) 0.0140(19)  
O3A 0.051(3) 0.069(3) 0.051(3) -0.026(2) -0.033(2) 0.017(2)  
O4A 0.039(2) 0.052(3) 0.059(3) -0.033(2) -0.019(2) 0.0049(19)  
O5A 0.036(2) 0.078(3) 0.049(3) -0.026(3) -0.007(2) -0.011(2)  
C1A 0.029(3) 0.042(4) 0.042(4) -0.022(3) -0.018(3) 0.009(3)  
C2A 0.028(3) 0.043(4) 0.028(4) -0.014(3) -0.009(3) -0.001(3)  
C3A 0.030(3) 0.047(4) 0.033(4) -0.015(3) -0.009(3) 0.001(3)  
C4A 0.038(3) 0.042(4) 0.037(4) -0.019(3) -0.014(3) 0.003(3)  
C5A 0.034(3) 0.044(4) 0.031(4) -0.016(3) -0.005(3) -0.007(3)  
C6A 0.049(4) 0.048(4) 0.043(4) -0.016(3) -0.016(3) -0.005(3)  
C7A 0.058(4) 0.063(5) 0.049(5) -0.020(4) -0.029(4) -0.005(3)  
C8A 0.045(4) 0.081(6) 0.044(4) -0.026(4) -0.023(3) -0.004(4)  
C9A 0.036(3) 0.055(5) 0.036(4) -0.014(3) -0.014(3) -0.001(3)  
C10A 0.026(3) 0.051(4) 0.036(4) -0.021(3) -0.008(3) 0.000(3)  
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C11A 0.033(3) 0.043(4) 0.032(4) -0.011(3) -0.010(3) 0.000(3)  
C12A 0.057(4) 0.047(4) 0.055(5) -0.022(3) -0.035(4) 0.020(3)  
C13A 0.057(4) 0.093(5) 0.045(5) -0.027(4) -0.035(4) 0.020(4)  
C14A 0.036(3) 0.043(4) 0.037(4) -0.020(3) -0.026(3) 0.017(3)  
C15A 0.039(4) 0.042(4) 0.039(4) -0.022(3) -0.017(3) 0.011(3)  
C16A 0.034(3) 0.050(4) 0.044(4) -0.019(3) -0.021(3) -0.001(3)  
C17A 0.038(4) 0.055(4) 0.030(4) -0.016(3) -0.011(3) 0.005(3)  
C18A 0.040(4) 0.049(4) 0.036(4) -0.017(3) -0.021(3) 0.011(3)  
C19A 0.037(4) 0.041(4) 0.038(4) -0.012(3) -0.020(3) 0.004(3)  
C20A 0.049(4) 0.076(5) 0.090(6) -0.059(5) -0.012(4) 0.000(4)  
C21A 0.080(6) 0.117(7) 0.084(7) -0.066(6) 0.026(5) -0.060(5)  
C22A 0.036(4) 0.040(4) 0.042(4) -0.024(3) -0.018(3) 0.007(3)  
C23A 0.034(3) 0.053(4) 0.041(4) -0.021(3) -0.017(3) 0.007(3)  
C24A 0.047(4) 0.059(4) 0.040(5) -0.023(4) -0.025(3) 0.013(3)  
C25A 0.048(4) 0.060(4) 0.052(5) -0.034(4) -0.016(4) 0.003(3)  
C26A 0.032(3) 0.063(4) 0.044(5) -0.030(4) -0.009(3) -0.001(3)  
C27A 0.037(4) 0.047(4) 0.052(5) -0.025(4) -0.018(3) 0.004(3)  
O1B 0.040(2) 0.044(2) 0.046(3) -0.021(2) -0.022(2) 0.0086(19)  
O2B 0.046(2) 0.044(2) 0.053(3) -0.024(2) -0.031(2) 0.0109(19)  
O3B 0.051(3) 0.058(3) 0.047(3) -0.020(2) -0.031(2) 0.011(2)  
O4B 0.037(2) 0.040(3) 0.048(3) -0.014(2) -0.008(2) 0.008(2)  
O5B 0.042(3) 0.064(3) 0.063(3) -0.020(3) -0.003(2) 0.013(2)  
C1B 0.036(3) 0.036(3) 0.041(4) -0.018(3) -0.022(3) 0.005(3)  
C2B 0.029(3) 0.042(4) 0.036(4) -0.015(3) -0.011(3) 0.007(3)  
C3B 0.031(3) 0.041(4) 0.039(4) -0.012(3) -0.018(3) 0.004(3)  
C4B 0.039(3) 0.040(4) 0.032(4) -0.017(3) -0.012(3) 0.005(3)  
C5B 0.036(3) 0.042(4) 0.031(4) -0.016(3) -0.008(3) 0.008(3)  
C6B 0.049(4) 0.052(4) 0.038(4) -0.022(3) -0.019(3) 0.015(3)  
C7B 0.058(4) 0.052(4) 0.036(4) -0.020(3) -0.020(3) 0.023(3)  
C8B 0.044(4) 0.061(5) 0.036(4) -0.021(4) -0.024(3) 0.019(3)  
C9B 0.027(3) 0.053(4) 0.041(4) -0.020(3) -0.015(3) 0.010(3)  
C10B 0.028(3) 0.042(4) 0.033(4) -0.017(3) -0.006(3) 0.008(3)  
C11B 0.026(3) 0.045(4) 0.035(4) -0.018(3) -0.012(3) 0.006(3)  
C12B 0.056(4) 0.051(4) 0.050(4) -0.026(4) -0.028(3) 0.007(3)  
C13B 0.059(4) 0.073(5) 0.051(5) -0.024(4) -0.040(4) 0.019(3)  
C14B 0.041(3) 0.040(4) 0.030(4) -0.016(3) -0.014(3) 0.010(3)  
C15B 0.035(4) 0.044(4) 0.041(4) -0.016(3) -0.020(3) 0.004(3)  
C16B 0.036(4) 0.046(4) 0.047(4) -0.016(3) -0.015(3) 0.014(3)  
C17B 0.037(4) 0.061(5) 0.041(4) -0.015(4) -0.019(3) 0.007(3)  
C18B 0.039(4) 0.051(4) 0.042(4) -0.019(3) -0.021(3) 0.009(3)  
C19B 0.033(3) 0.046(4) 0.032(4) -0.013(3) -0.020(3) 0.008(3)  
C20B 0.059(4) 0.047(5) 0.064(5) -0.015(4) -0.005(4) 0.016(3)  
C21B 0.070(5) 0.071(6) 0.108(8) -0.027(5) 0.008(5) 0.022(4)  
C22B 0.035(3) 0.032(3) 0.040(4) -0.013(3) -0.020(3) 0.007(3)  
C23B 0.035(3) 0.049(4) 0.036(4) -0.013(3) -0.014(3) 0.002(3)  
C24B 0.049(4) 0.045(4) 0.032(4) -0.008(3) -0.017(3) 0.003(3)  
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C25B 0.054(4) 0.047(4) 0.030(4) -0.008(3) -0.011(4) 0.003(3)  
C26B 0.041(4) 0.042(4) 0.041(5) -0.018(3) -0.004(3) 0.006(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1A C1A 1.457(6) . ?  
O1A H1A 0.8400 . ?  
O2A C3A 1.391(6) . ?  
O2A C12A 1.429(6) . ?  
O3A C9A 1.367(7) . ?  
O3A C13A 1.432(7) . ?  
O4A C15A 1.375(6) . ?  
O4A C20A 1.417(7) . ?  
O5A C17A 1.371(7) . ?  
O5A C21A 1.423(7) . ?  
C1A C22A 1.528(8) . ?  
C1A C14A 1.529(8) . ?  
C1A C2A 1.530(7) . ?  
C2A C11A 1.370(7) . ?  
C2A C3A 1.430(8) . ?  
C3A C4A 1.356(7) . ?  
C4A C5A 1.438(8) . ?  
C4A H4A 0.9500 . ?  
C5A C10A 1.402(8) . ?  
C5A C6A 1.414(8) . ?  
C6A C7A 1.355(8) . ?  
C6A H6A 0.9500 . ?  
C7A C8A 1.397(9) . ?  
C7A H7A 0.9500 . ?  
C8A C9A 1.345(8) . ?  
C8A H8A 0.9500 . ?  
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C9A C10A 1.449(8) . ?  
C10A C11A 1.408(7) . ?  
C11A H11A 0.9500 . ?  
C12A H12A 0.9800 . ?  
C12A H12B 0.9800 . ?  
C12A H12C 0.9800 . ?  
C13A H13A 0.9800 . ?  
C13A H13B 0.9800 . ?  
C13A H13C 0.9800 . ?  
C14A C19A 1.386(8) . ?  
C14A C15A 1.404(7) . ?  
C15A C16A 1.398(8) . ?  
C16A C17A 1.389(8) . ?  
C16A H16A 0.9500 . ?  
C17A C18A 1.367(8) . ?  
C18A C19A 1.402(8) . ?  
C18A H18A 0.9500 . ?  
C19A H19A 0.9500 . ?  
C20A H20A 0.9800 . ?  
C20A H20B 0.9800 . ?  
C20A H20C 0.9800 . ?  
C21A H21A 0.9800 . ?  
C21A H21B 0.9800 . ?  
C21A H21C 0.9800 . ?  
C22A C23A 1.385(7) . ?  
C22A C27A 1.402(8) . ?  
C23A C24A 1.383(8) . ?  
C23A H23A 0.9500 . ?  
C24A C25A 1.384(8) . ?  
C24A H24A 0.9500 . ?  
C25A C26A 1.375(8) . ?  
C25A H25A 0.9500 . ?  
C26A C27A 1.389(8) . ?  
C26A H26A 0.9500 . ?  
C27A H27A 0.9500 . ?  
O1B C1B 1.447(6) . ?  
O1B H1B 0.8400 . ?  
O2B C3B 1.378(6) . ?  
O2B C12B 1.431(6) . ?  
O3B C9B 1.365(7) . ?  
O3B C13B 1.425(6) . ?  
O4B C15B 1.362(7) . ?  
O4B C20B 1.423(7) . ?  
O5B C17B 1.389(7) . ?  
O5B C21B 1.432(8) . ?  
C1B C22B 1.533(8) . ?  
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C1B C2B 1.533(8) . ?  
C1B C14B 1.551(8) . ?  
C2B C11B 1.370(7) . ?  
C2B C3B 1.433(7) . ?  
C3B C4B 1.363(7) . ?  
C4B C5B 1.434(8) . ?  
C4B H4B 0.9500 . ?  
C5B C10B 1.391(7) . ?  
C5B C6B 1.403(8) . ?  
C6B C7B 1.375(8) . ?  
C6B H6B 0.9500 . ?  
C7B C8B 1.379(8) . ?  
C7B H7B 0.9500 . ?  
C8B C9B 1.358(8) . ?  
C8B H8B 0.9500 . ?  
C9B C10B 1.466(8) . ?  
C10B C11B 1.406(7) . ?  
C11B H11B 0.9500 . ?  
C12B H12D 0.9800 . ?  
C12B H12E 0.9800 . ?  
C12B H12F 0.9800 . ?  
C13B H13D 0.9800 . ?  
C13B H13E 0.9800 . ?  
C13B H13F 0.9800 . ?  
C14B C19B 1.382(8) . ?  
C14B C15B 1.396(8) . ?  
C15B C16B 1.404(8) . ?  
C16B C17B 1.391(8) . ?  
C16B H16B 0.9500 . ?  
C17B C18B 1.384(8) . ?  
C18B C19B 1.376(8) . ?  
C18B H18B 0.9500 . ?  
C19B H19B 0.9500 . ?  
C20B H20D 0.9800 . ?  
C20B H20E 0.9800 . ?  
C20B H20F 0.9800 . ?  
C21B H21D 0.9800 . ?  
C21B H21E 0.9800 . ?  
C21B H21F 0.9800 . ?  
C22B C27B 1.382(8) . ?  
C22B C23B 1.402(7) . ?  
C23B C24B 1.369(8) . ?  
C23B H23B 0.9500 . ?  
C24B C25B 1.367(8) . ?  
C24B H24B 0.9500 . ?  
C25B C26B 1.399(8) . ?  
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C25B H25B 0.9500 . ?  
C26B C27B 1.374(8) . ?  
C26B H26B 0.9500 . ?  
C27B H27B 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1A O1A H1A 109.5 . . ?  
C3A O2A C12A 116.8(4) . . ?  
C9A O3A C13A 117.3(5) . . ?  
C15A O4A C20A 119.8(4) . . ?  
C17A O5A C21A 117.6(5) . . ?  
O1A C1A C22A 106.7(4) . . ?  
O1A C1A C14A 107.9(4) . . ?  
C22A C1A C14A 114.0(4) . . ?  
O1A C1A C2A 104.6(4) . . ?  
C22A C1A C2A 111.1(4) . . ?  
C14A C1A C2A 111.9(4) . . ?  
C11A C2A C3A 117.4(5) . . ?  
C11A C2A C1A 120.3(5) . . ?  
C3A C2A C1A 122.3(5) . . ?  
C4A C3A O2A 123.0(5) . . ?  
C4A C3A C2A 122.6(5) . . ?  
O2A C3A C2A 114.3(5) . . ?  
C3A C4A C5A 119.5(5) . . ?  
C3A C4A H4A 120.3 . . ?  
C5A C4A H4A 120.3 . . ?  
C10A C5A C6A 120.1(5) . . ?  
C10A C5A C4A 118.5(5) . . ?  
C6A C5A C4A 121.4(6) . . ?  
C7A C6A C5A 119.4(6) . . ?  
C7A C6A H6A 120.3 . . ?  
C5A C6A H6A 120.3 . . ?  
C6A C7A C8A 121.1(6) . . ?  
C6A C7A H7A 119.4 . . ?  
C8A C7A H7A 119.4 . . ?  
C9A C8A C7A 121.7(6) . . ?  
C9A C8A H8A 119.1 . . ?  
C7A C8A H8A 119.1 . . ?  
C8A C9A O3A 127.2(6) . . ?  
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C8A C9A C10A 119.0(6) . . ?  
O3A C9A C10A 113.8(5) . . ?  
C5A C10A C11A 120.0(5) . . ?  
C5A C10A C9A 118.6(5) . . ?  
C11A C10A C9A 121.4(5) . . ?  
C2A C11A C10A 122.0(5) . . ?  
C2A C11A H11A 119.0 . . ?  
C10A C11A H11A 119.0 . . ?  
O2A C12A H12A 109.5 . . ?  
O2A C12A H12B 109.5 . . ?  
H12A C12A H12B 109.5 . . ?  
O2A C12A H12C 109.5 . . ?  
H12A C12A H12C 109.5 . . ?  
H12B C12A H12C 109.5 . . ?  
O3A C13A H13A 109.5 . . ?  
O3A C13A H13B 109.5 . . ?  
H13A C13A H13B 109.5 . . ?  
O3A C13A H13C 109.5 . . ?  
H13A C13A H13C 109.5 . . ?  
H13B C13A H13C 109.5 . . ?  
C19A C14A C15A 117.3(5) . . ?  
C19A C14A C1A 122.0(5) . . ?  
C15A C14A C1A 120.5(5) . . ?  
O4A C15A C16A 122.7(5) . . ?  
O4A C15A C14A 115.9(5) . . ?  
C16A C15A C14A 121.5(5) . . ?  
C17A C16A C15A 118.7(5) . . ?  
C17A C16A H16A 120.6 . . ?  
C15A C16A H16A 120.6 . . ?  
C18A C17A O5A 115.5(5) . . ?  
C18A C17A C16A 121.4(5) . . ?  
O5A C17A C16A 122.9(5) . . ?  
C17A C18A C19A 118.9(6) . . ?  
C17A C18A H18A 120.6 . . ?  
C19A C18A H18A 120.6 . . ?  
C14A C19A C18A 122.1(5) . . ?  
C14A C19A H19A 119.0 . . ?  
C18A C19A H19A 119.0 . . ?  
O4A C20A H20A 109.5 . . ?  
O4A C20A H20B 109.5 . . ?  
H20A C20A H20B 109.5 . . ?  
O4A C20A H20C 109.5 . . ?  
H20A C20A H20C 109.5 . . ?  
H20B C20A H20C 109.5 . . ?  
O5A C21A H21A 109.5 . . ?  
O5A C21A H21B 109.5 . . ?  
 445 
 
H21A C21A H21B 109.5 . . ?  
O5A C21A H21C 109.5 . . ?  
H21A C21A H21C 109.5 . . ?  
H21B C21A H21C 109.5 . . ?  
C23A C22A C27A 117.7(6) . . ?  
C23A C22A C1A 124.2(5) . . ?  
C27A C22A C1A 118.1(5) . . ?  
C24A C23A C22A 121.2(5) . . ?  
C24A C23A H23A 119.4 . . ?  
C22A C23A H23A 119.4 . . ?  
C23A C24A C25A 120.6(5) . . ?  
C23A C24A H24A 119.7 . . ?  
C25A C24A H24A 119.7 . . ?  
C26A C25A C24A 119.2(6) . . ?  
C26A C25A H25A 120.4 . . ?  
C24A C25A H25A 120.4 . . ?  
C25A C26A C27A 120.4(5) . . ?  
C25A C26A H26A 119.8 . . ?  
C27A C26A H26A 119.8 . . ?  
C26A C27A C22A 120.9(5) . . ?  
C26A C27A H27A 119.6 . . ?  
C22A C27A H27A 119.6 . . ?  
C1B O1B H1B 109.5 . . ?  
C3B O2B C12B 116.8(4) . . ?  
C9B O3B C13B 115.6(5) . . ?  
C15B O4B C20B 120.7(4) . . ?  
C17B O5B C21B 116.5(5) . . ?  
O1B C1B C22B 107.1(4) . . ?  
O1B C1B C2B 104.6(4) . . ?  
C22B C1B C2B 111.3(4) . . ?  
O1B C1B C14B 107.7(4) . . ?  
C22B C1B C14B 113.3(4) . . ?  
C2B C1B C14B 112.2(4) . . ?  
C11B C2B C3B 117.3(5) . . ?  
C11B C2B C1B 121.0(5) . . ?  
C3B C2B C1B 121.7(5) . . ?  
C4B C3B O2B 123.5(5) . . ?  
C4B C3B C2B 121.7(5) . . ?  
O2B C3B C2B 114.9(5) . . ?  
C3B C4B C5B 120.4(5) . . ?  
C3B C4B H4B 119.8 . . ?  
C5B C4B H4B 119.8 . . ?  
C10B C5B C6B 121.4(5) . . ?  
C10B C5B C4B 117.8(5) . . ?  
C6B C5B C4B 120.7(5) . . ?  
C7B C6B C5B 118.9(6) . . ?  
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C7B C6B H6B 120.5 . . ?  
C5B C6B H6B 120.5 . . ?  
C6B C7B C8B 121.4(6) . . ?  
C6B C7B H7B 119.3 . . ?  
C8B C7B H7B 119.3 . . ?  
C9B C8B C7B 121.4(6) . . ?  
C9B C8B H8B 119.3 . . ?  
C7B C8B H8B 119.3 . . ?  
C8B C9B O3B 126.9(5) . . ?  
C8B C9B C10B 119.2(5) . . ?  
O3B C9B C10B 113.9(5) . . ?  
C5B C10B C11B 120.6(5) . . ?  
C5B C10B C9B 117.6(5) . . ?  
C11B C10B C9B 121.7(5) . . ?  
C2B C11B C10B 122.1(5) . . ?  
C2B C11B H11B 119.0 . . ?  
C10B C11B H11B 119.0 . . ?  
O2B C12B H12D 109.5 . . ?  
O2B C12B H12E 109.5 . . ?  
H12D C12B H12E 109.5 . . ?  
O2B C12B H12F 109.5 . . ?  
H12D C12B H12F 109.5 . . ?  
H12E C12B H12F 109.5 . . ?  
O3B C13B H13D 109.5 . . ?  
O3B C13B H13E 109.5 . . ?  
H13D C13B H13E 109.5 . . ?  
O3B C13B H13F 109.5 . . ?  
H13D C13B H13F 109.5 . . ?  
H13E C13B H13F 109.5 . . ?  
C19B C14B C15B 117.2(5) . . ?  
C19B C14B C1B 122.9(5) . . ?  
C15B C14B C1B 119.7(5) . . ?  
O4B C15B C14B 116.7(5) . . ?  
O4B C15B C16B 121.4(5) . . ?  
C14B C15B C16B 121.8(5) . . ?  
C17B C16B C15B 118.2(6) . . ?  
C17B C16B H16B 120.9 . . ?  
C15B C16B H16B 120.9 . . ?  
C18B C17B O5B 116.0(6) . . ?  
C18B C17B C16B 120.8(6) . . ?  
O5B C17B C16B 123.3(6) . . ?  
C19B C18B C17B 119.3(6) . . ?  
C19B C18B H18B 120.4 . . ?  
C17B C18B H18B 120.4 . . ?  
C18B C19B C14B 122.6(5) . . ?  
C18B C19B H19B 118.7 . . ?  
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C14B C19B H19B 118.7 . . ?  
O4B C20B H20D 109.5 . . ?  
O4B C20B H20E 109.5 . . ?  
H20D C20B H20E 109.5 . . ?  
O4B C20B H20F 109.5 . . ?  
H20D C20B H20F 109.5 . . ?  
H20E C20B H20F 109.5 . . ?  
O5B C21B H21D 109.5 . . ?  
O5B C21B H21E 109.5 . . ?  
H21D C21B H21E 109.5 . . ?  
O5B C21B H21F 109.5 . . ?  
H21D C21B H21F 109.5 . . ?  
H21E C21B H21F 109.5 . . ?  
C27B C22B C23B 118.0(6) . . ?  
C27B C22B C1B 118.7(5) . . ?  
C23B C22B C1B 123.3(5) . . ?  
C24B C23B C22B 120.2(5) . . ?  
C24B C23B H23B 119.9 . . ?  
C22B C23B H23B 119.9 . . ?  
C25B C24B C23B 121.6(5) . . ?  
C25B C24B H24B 119.2 . . ?  
C23B C24B H24B 119.2 . . ?  
C24B C25B C26B 119.0(6) . . ?  
C24B C25B H25B 120.5 . . ?  
C26B C25B H25B 120.5 . . ?  
C27B C26B C25B 119.5(5) . . ?  
C27B C26B H26B 120.3 . . ?  
C25B C26B H26B 120.3 . . ?  
C26B C27B C22B 121.7(5) . . ?  
C26B C27B H27B 119.1 . . ?  
C22B C27B H27B 119.1 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O1A C1A C2A C11A -17.2(7) . . . . ?  
C22A C1A C2A C11A -132.0(5) . . . . ?  
C14A C1A C2A C11A 99.3(6) . . . . ?  
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O1A C1A C2A C3A 165.3(5) . . . . ?  
C22A C1A C2A C3A 50.5(6) . . . . ?  
C14A C1A C2A C3A -78.2(6) . . . . ?  
C12A O2A C3A C4A 3.5(7) . . . . ?  
C12A O2A C3A C2A -177.3(5) . . . . ?  
C11A C2A C3A C4A 3.1(8) . . . . ?  
C1A C2A C3A C4A -179.3(5) . . . . ?  
C11A C2A C3A O2A -176.2(5) . . . . ?  
C1A C2A C3A O2A 1.4(7) . . . . ?  
O2A C3A C4A C5A 177.8(5) . . . . ?  
C2A C3A C4A C5A -1.4(8) . . . . ?  
C3A C4A C5A C10A -1.2(8) . . . . ?  
C3A C4A C5A C6A 178.7(5) . . . . ?  
C10A C5A C6A C7A 0.7(9) . . . . ?  
C4A C5A C6A C7A -179.1(6) . . . . ?  
C5A C6A C7A C8A 0.0(9) . . . . ?  
C6A C7A C8A C9A -1.4(10) . . . . ?  
C7A C8A C9A O3A 179.9(6) . . . . ?  
C7A C8A C9A C10A 1.9(9) . . . . ?  
C13A O3A C9A C8A 4.6(9) . . . . ?  
C13A O3A C9A C10A -177.3(5) . . . . ?  
C6A C5A C10A C11A -177.8(5) . . . . ?  
C4A C5A C10A C11A 2.0(8) . . . . ?  
C6A C5A C10A C9A -0.2(8) . . . . ?  
C4A C5A C10A C9A 179.6(5) . . . . ?  
C8A C9A C10A C5A -1.1(8) . . . . ?  
O3A C9A C10A C5A -179.4(5) . . . . ?  
C8A C9A C10A C11A 176.5(6) . . . . ?  
O3A C9A C10A C11A -1.7(8) . . . . ?  
C3A C2A C11A C10A -2.2(8) . . . . ?  
C1A C2A C11A C10A -179.9(5) . . . . ?  
C5A C10A C11A C2A -0.2(8) . . . . ?  
C9A C10A C11A C2A -177.8(5) . . . . ?  
O1A C1A C14A C19A 125.3(5) . . . . ?  
C22A C1A C14A C19A -116.4(6) . . . . ?  
C2A C1A C14A C19A 10.8(7) . . . . ?  
O1A C1A C14A C15A -50.3(6) . . . . ?  
C22A C1A C14A C15A 68.0(6) . . . . ?  
C2A C1A C14A C15A -164.8(5) . . . . ?  
C20A O4A C15A C16A -6.4(8) . . . . ?  
C20A O4A C15A C14A 174.2(5) . . . . ?  
C19A C14A C15A O4A 179.6(5) . . . . ?  
C1A C14A C15A O4A -4.5(7) . . . . ?  
C19A C14A C15A C16A 0.2(8) . . . . ?  
C1A C14A C15A C16A 176.0(5) . . . . ?  
O4A C15A C16A C17A 178.9(5) . . . . ?  
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C14A C15A C16A C17A -1.7(8) . . . . ?  
C21A O5A C17A C18A -169.5(6) . . . . ?  
C21A O5A C17A C16A 13.8(8) . . . . ?  
C15A C16A C17A C18A 3.0(8) . . . . ?  
C15A C16A C17A O5A 179.5(5) . . . . ?  
O5A C17A C18A C19A -179.4(5) . . . . ?  
C16A C17A C18A C19A -2.7(8) . . . . ?  
C15A C14A C19A C18A 0.2(8) . . . . ?  
C1A C14A C19A C18A -175.6(5) . . . . ?  
C17A C18A C19A C14A 1.1(8) . . . . ?  
O1A C1A C22A C23A 130.0(5) . . . . ?  
C14A C1A C22A C23A 11.0(7) . . . . ?  
C2A C1A C22A C23A -116.6(5) . . . . ?  
O1A C1A C22A C27A -49.4(6) . . . . ?  
C14A C1A C22A C27A -168.4(5) . . . . ?  
C2A C1A C22A C27A 64.1(6) . . . . ?  
C27A C22A C23A C24A -1.1(8) . . . . ?  
C1A C22A C23A C24A 179.5(5) . . . . ?  
C22A C23A C24A C25A 0.9(9) . . . . ?  
C23A C24A C25A C26A -0.2(9) . . . . ?  
C24A C25A C26A C27A -0.2(9) . . . . ?  
C25A C26A C27A C22A 0.0(9) . . . . ?  
C23A C22A C27A C26A 0.7(8) . . . . ?  
C1A C22A C27A C26A -179.9(5) . . . . ?  
O1B C1B C2B C11B -15.1(7) . . . . ?  
C22B C1B C2B C11B -130.5(5) . . . . ?  
C14B C1B C2B C11B 101.3(6) . . . . ?  
O1B C1B C2B C3B 167.7(5) . . . . ?  
C22B C1B C2B C3B 52.3(6) . . . . ?  
C14B C1B C2B C3B -75.9(6) . . . . ?  
C12B O2B C3B C4B 6.8(8) . . . . ?  
C12B O2B C3B C2B -173.6(5) . . . . ?  
C11B C2B C3B C4B 1.8(8) . . . . ?  
C1B C2B C3B C4B 179.1(5) . . . . ?  
C11B C2B C3B O2B -177.8(5) . . . . ?  
C1B C2B C3B O2B -0.5(7) . . . . ?  
O2B C3B C4B C5B 177.7(5) . . . . ?  
C2B C3B C4B C5B -1.8(8) . . . . ?  
C3B C4B C5B C10B 2.3(8) . . . . ?  
C3B C4B C5B C6B -179.2(5) . . . . ?  
C10B C5B C6B C7B -1.3(8) . . . . ?  
C4B C5B C6B C7B -179.8(5) . . . . ?  
C5B C6B C7B C8B 1.5(9) . . . . ?  
C6B C7B C8B C9B -0.9(9) . . . . ?  
C7B C8B C9B O3B 178.4(5) . . . . ?  
C7B C8B C9B C10B 0.0(9) . . . . ?  
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C13B O3B C9B C8B 2.9(8) . . . . ?  
C13B O3B C9B C10B -178.7(5) . . . . ?  
C6B C5B C10B C11B 178.7(5) . . . . ?  
C4B C5B C10B C11B -2.7(8) . . . . ?  
C6B C5B C10B C9B 0.4(8) . . . . ?  
C4B C5B C10B C9B 179.0(5) . . . . ?  
C8B C9B C10B C5B 0.2(8) . . . . ?  
O3B C9B C10B C5B -178.4(5) . . . . ?  
C8B C9B C10B C11B -178.0(5) . . . . ?  
O3B C9B C10B C11B 3.3(7) . . . . ?  
C3B C2B C11B C10B -2.3(8) . . . . ?  
C1B C2B C11B C10B -179.6(5) . . . . ?  
C5B C10B C11B C2B 2.9(8) . . . . ?  
C9B C10B C11B C2B -178.9(5) . . . . ?  
O1B C1B C14B C19B 124.9(5) . . . . ?  
C22B C1B C14B C19B -116.8(6) . . . . ?  
C2B C1B C14B C19B 10.4(7) . . . . ?  
O1B C1B C14B C15B -49.4(6) . . . . ?  
C22B C1B C14B C15B 69.0(6) . . . . ?  
C2B C1B C14B C15B -163.9(5) . . . . ?  
C20B O4B C15B C14B 174.7(5) . . . . ?  
C20B O4B C15B C16B -5.9(8) . . . . ?  
C19B C14B C15B O4B 179.5(5) . . . . ?  
C1B C14B C15B O4B -5.9(7) . . . . ?  
C19B C14B C15B C16B 0.1(8) . . . . ?  
C1B C14B C15B C16B 174.7(5) . . . . ?  
O4B C15B C16B C17B 179.8(5) . . . . ?  
C14B C15B C16B C17B -0.8(8) . . . . ?  
C21B O5B C17B C18B -169.6(6) . . . . ?  
C21B O5B C17B C16B 11.4(9) . . . . ?  
C15B C16B C17B C18B 2.4(9) . . . . ?  
C15B C16B C17B O5B -178.6(5) . . . . ?  
O5B C17B C18B C19B 177.7(5) . . . . ?  
C16B C17B C18B C19B -3.3(9) . . . . ?  
C17B C18B C19B C14B 2.6(8) . . . . ?  
C15B C14B C19B C18B -1.0(8) . . . . ?  
C1B C14B C19B C18B -175.4(5) . . . . ?  
O1B C1B C22B C27B -46.6(6) . . . . ?  
C2B C1B C22B C27B 67.3(6) . . . . ?  
C14B C1B C22B C27B -165.2(5) . . . . ?  
O1B C1B C22B C23B 131.9(5) . . . . ?  
C2B C1B C22B C23B -114.3(6) . . . . ?  
C14B C1B C22B C23B 13.3(7) . . . . ?  
C27B C22B C23B C24B -2.3(8) . . . . ?  
C1B C22B C23B C24B 179.2(5) . . . . ?  
C22B C23B C24B C25B 1.5(9) . . . . ?  
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C23B C24B C25B C26B 0.1(9) . . . . ?  
C24B C25B C26B C27B -0.9(9) . . . . ?  
C25B C26B C27B C22B 0.0(9) . . . . ?  
C23B C22B C27B C26B 1.6(8) . . . . ?  
C1B C22B C27B C26B -179.9(5) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O1A H1A O4A  0.84 2.04 2.691(5) 133.8 .  
O1B H1B O4B  0.84 2.06 2.684(5) 130.7 .  
  
_diffrn_measured_fraction_theta_max    0.981  
_diffrn_reflns_theta_full              23.4  
_diffrn_measured_fraction_theta_full   0.981  
_refine_diff_density_max    0.57  
_refine_diff_density_min   -0.33  
_refine_diff_density_rms    0.104  




Figure B18.  Crystal structure of compound 3.9 
 
Table  B18.  CIF data for compound 3.9 
data_9 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety      'C26 H24 O5'  
_chemical_formula_sum         'C26 H24 O5'  
_chemical_formula_weight          416.45  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
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 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    9.504(2)  
_cell_length_b                    10.972(3)  
_cell_length_c                    11.785(4)  
_cell_angle_alpha                 66.744(17)  
_cell_angle_beta                  90.325(16)  
_cell_angle_gamma                 71.375(18)  
_cell_volume                      1057.6(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     110 
_cell_measurement_reflns_used     4351 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        27.9 
  
_exptl_crystal_description        needle  
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.43  
_exptl_crystal_size_mid           0.07  
_exptl_crystal_size_min           0.05  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.308  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              440  
_exptl_absorpt_coefficient_mu     0.090  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 






 ?  
;  
  
_diffrn_ambient_temperature       110 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type     'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method              ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             16979 
_diffrn_reflns_av_R_equivalents   0.052  
_diffrn_reflns_av_sigmaI/netI     0.1040  
_diffrn_reflns_limit_h_min        -12  
_diffrn_reflns_limit_h_max        12  
_diffrn_reflns_limit_k_min        -14  
_diffrn_reflns_limit_k_max        12  
_diffrn_reflns_limit_l_min        -15  
_diffrn_reflns_limit_l_max        15  
_diffrn_reflns_theta_min          2.7  
_diffrn_reflns_theta_max          28.0  
_reflns_number_total              5059  
_reflns_number_gt                 2789  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)'  
_computing_cell_refinement 
                           'Denzo and Scalepack (Otwinowski & Minor, 1997)' 
_computing_data_reduction 
                           'Denzo and Scalepack (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement         'SHELXL-97 (Sheldrick, 1997)' 
_computing_molecular_graphics           'Ortep-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
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 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0429P)^2^+0.3591P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0081(17)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          5059  
_refine_ls_number_parameters      290  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.143  
_refine_ls_R_factor_gt            0.062  
_refine_ls_wR_factor_ref          0.133  
_refine_ls_wR_factor_gt           0.108  
_refine_ls_goodness_of_fit_ref    1.027  
_refine_ls_restrained_S_all       1.027  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.40864(16) 0.61834(18) 0.04458(15) 0.0245(4) Uani 1 1 d . . .  
H10H H 0.343(3) 0.698(3) -0.006(2) 0.037 Uiso 1 1 d . . .  
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O2 O 0.21831(16) 0.88233(16) -0.01713(14) 0.0283(4) Uani 1 1 d . . .  
O3 O 0.69219(16) 0.76453(16) 0.42346(14) 0.0252(4) Uani 1 1 d . . .  
O4 O 0.69606(17) 0.52644(17) 0.10809(14) 0.0251(4) Uani 1 1 d . . .  
H40H H 0.608(3) 0.575(3) 0.057(2) 0.038 Uiso 1 1 d . . .  
O5 O 0.88172(17) 0.13838(17) 0.49654(15) 0.0342(5) Uani 1 1 d . . .  
C1 C 0.3926(2) 0.6225(2) 0.1655(2) 0.0187(5) Uani 1 1 d . . .  
C2 C 0.4061(2) 0.7598(2) 0.16046(19) 0.0179(5) Uani 1 1 d . . .  
C3 C 0.3106(2) 0.8929(2) 0.0660(2) 0.0228(5) Uani 1 1 d . . .  
C4 C 0.3124(3) 1.0188(2) 0.0615(2) 0.0257(6) Uani 1 1 d . . .  
H4 H 0.2485 1.1053 -0.0027 0.031 Uiso 1 1 calc R . .  
C5 C 0.4088(2) 1.0210(2) 0.1520(2) 0.0234(5) Uani 1 1 d . . .  
C6 C 0.4087(3) 1.1505(3) 0.1525(2) 0.0332(6) Uani 1 1 d . . .  
H6 H 0.3432 1.2381 0.0907 0.040 Uiso 1 1 calc R . .  
C7 C 0.5023(3) 1.1495(3) 0.2413(2) 0.0359(7) Uani 1 1 d . . .  
H7 H 0.5018 1.2368 0.2399 0.043 Uiso 1 1 calc R . .  
C8 C 0.5992(3) 1.0217(3) 0.3349(2) 0.0304(6) Uani 1 1 d . . .  
H8 H 0.6626 1.0227 0.3969 0.036 Uiso 1 1 calc R . .  
C9 C 0.6018(2) 0.8952(2) 0.3363(2) 0.0228(5) Uani 1 1 d . . .  
C10 C 0.5069(2) 0.8910(2) 0.2447(2) 0.0205(5) Uani 1 1 d . . .  
C11 C 0.5029(2) 0.7623(2) 0.2457(2) 0.0181(5) Uani 1 1 d . . .  
H11 H 0.5694 0.6751 0.3074 0.022 Uiso 1 1 calc R . .  
C12 C 0.1239(3) 1.0122(3) -0.1179(2) 0.0372(7) Uani 1 1 d . . .  
H12A H 0.0560 1.0724 -0.0834 0.056 Uiso 1 1 calc R . .  
H12B H 0.0648 0.9904 -0.1708 0.056 Uiso 1 1 calc R . .  
H12C H 0.1866 1.0620 -0.1679 0.056 Uiso 1 1 calc R . .  
C13 C 0.7734(3) 0.7610(3) 0.5286(2) 0.0309(6) Uani 1 1 d . . .  
H13A H 0.8437 0.8115 0.4994 0.046 Uiso 1 1 calc R . .  
H13B H 0.8294 0.6624 0.5859 0.046 Uiso 1 1 calc R . .  
H13C H 0.7026 0.8067 0.5723 0.046 Uiso 1 1 calc R . .  
C14 C 0.5203(2) 0.4905(2) 0.25609(19) 0.0173(5) Uani 1 1 d . . .  
C15 C 0.6648(2) 0.4510(2) 0.22220(19) 0.0182(5) Uani 1 1 d . . .  
C16 C 0.7819(2) 0.3349(2) 0.3041(2) 0.0221(5) Uani 1 1 d . . .  
H16 H 0.8785 0.3110 0.2797 0.027 Uiso 1 1 calc R . .  
C17 C 0.7590(2) 0.2528(2) 0.4218(2) 0.0225(5) Uani 1 1 d . . .  
C18 C 0.6180(2) 0.2877(2) 0.4580(2) 0.0209(5) Uani 1 1 d . . .  
H18 H 0.6012 0.2319 0.5383 0.025 Uiso 1 1 calc R . .  
C19 C 0.5025(2) 0.4054(2) 0.3747(2) 0.0199(5) Uani 1 1 d . . .  
H19 H 0.4064 0.4290 0.3999 0.024 Uiso 1 1 calc R . .  
C20 C 0.8583(3) 0.0433(2) 0.6129(2) 0.0318(6) Uani 1 1 d . . .  
H20A H 0.8292 0.0923 0.6676 0.048 Uiso 1 1 calc R . .  
H20B H 0.9513 -0.0382 0.6529 0.048 Uiso 1 1 calc R . .  
H20C H 0.7782 0.0106 0.5981 0.048 Uiso 1 1 calc R . .  
C21 C 0.2373(2) 0.6175(2) 0.1981(2) 0.0208(5) Uani 1 1 d . . .  
C22 C 0.1818(2) 0.6511(2) 0.2949(2) 0.0249(5) Uani 1 1 d . . .  
H22 H 0.2399 0.6776 0.3405 0.030 Uiso 1 1 calc R . .  
C23 C 0.0415(3) 0.6462(2) 0.3259(2) 0.0310(6) Uani 1 1 d . . .  
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H23 H 0.0051 0.6679 0.3930 0.037 Uiso 1 1 calc R . .  
C24 C -0.0442(3) 0.6097(3) 0.2583(3) 0.0350(7) Uani 1 1 d . . .  
H24 H -0.1407 0.6082 0.2778 0.042 Uiso 1 1 calc R . .  
C25 C 0.0106(3) 0.5754(3) 0.1625(3) 0.0368(7) Uani 1 1 d . . .  
H25 H -0.0484 0.5499 0.1165 0.044 Uiso 1 1 calc R . .  
C26 C 0.1514(2) 0.5777(2) 0.1326(2) 0.0296(6) Uani 1 1 d . . .  
H26 H 0.1890 0.5522 0.0675 0.035 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0188(8) 0.0340(9) 0.0228(9) -0.0161(8) 0.0017(7) -0.0066(7)  
O2 0.0211(8) 0.0309(9) 0.0263(9) -0.0087(8) -0.0035(7) -0.0048(7)  
O3 0.0269(9) 0.0295(9) 0.0271(9) -0.0168(7) 0.0039(7) -0.0134(7)  
O4 0.0191(8) 0.0330(9) 0.0227(9) -0.0091(8) 0.0052(7) -0.0117(7)  
O5 0.0275(9) 0.0272(9) 0.0325(10) -0.0042(8) 0.0048(8) -0.0008(7)  
C1 0.0152(11) 0.0251(12) 0.0204(12) -0.0133(10) 0.0051(9) -0.0079(9)  
C2 0.0159(11) 0.0209(11) 0.0197(11) -0.0097(10) 0.0080(9) -0.0081(9)  
C3 0.0164(11) 0.0303(13) 0.0229(12) -0.0119(10) 0.0061(9) -0.0088(10)  
C4 0.0262(12) 0.0210(12) 0.0233(12) -0.0056(10) 0.0077(10) -0.0047(10)  
C5 0.0295(12) 0.0240(12) 0.0209(12) -0.0104(10) 0.0150(10) -0.0132(10)  
C6 0.0486(16) 0.0223(13) 0.0293(14) -0.0092(11) 0.0147(12) -0.0149(12)  
C7 0.0572(17) 0.0281(14) 0.0358(15) -0.0185(12) 0.0183(14) -0.0253(13)  
C8 0.0438(15) 0.0338(15) 0.0280(14) -0.0182(12) 0.0140(11) -0.0252(12)  
C9 0.0254(12) 0.0235(13) 0.0253(13) -0.0117(10) 0.0108(10) -0.0141(11)  
C10 0.0224(12) 0.0226(12) 0.0238(12) -0.0125(10) 0.0123(10) -0.0133(10)  
C11 0.0157(11) 0.0181(11) 0.0224(12) -0.0092(10) 0.0075(9) -0.0071(9)  
C12 0.0283(14) 0.0402(16) 0.0268(14) -0.0058(12) -0.0043(11) -0.0019(12)  
C13 0.0303(13) 0.0402(15) 0.0330(14) -0.0230(12) 0.0040(11) -0.0162(12)  
C14 0.0160(11) 0.0190(11) 0.0239(12) -0.0135(10) 0.0037(9) -0.0090(9)  
C15 0.0196(11) 0.0230(12) 0.0205(12) -0.0130(10) 0.0071(9) -0.0135(10)  
C16 0.0147(11) 0.0238(12) 0.0317(13) -0.0144(11) 0.0085(10) -0.0079(10)  
C17 0.0197(12) 0.0179(12) 0.0288(13) -0.0110(10) -0.0002(10) -0.0038(10)  
C18 0.0231(12) 0.0221(12) 0.0219(12) -0.0118(10) 0.0059(10) -0.0101(10)  
C19 0.0165(11) 0.0236(12) 0.0260(12) -0.0144(10) 0.0074(9) -0.0098(10)  
C20 0.0398(15) 0.0235(13) 0.0261(13) -0.0079(11) 0.0028(11) -0.0064(11)  
C21 0.0149(11) 0.0200(12) 0.0285(13) -0.0112(10) 0.0027(9) -0.0060(9)  
C22 0.0201(12) 0.0230(12) 0.0358(14) -0.0154(11) 0.0070(10) -0.0087(10)  
C23 0.0252(13) 0.0248(13) 0.0449(16) -0.0166(12) 0.0161(12) -0.0084(11)  
C24 0.0170(12) 0.0315(14) 0.0541(18) -0.0135(13) 0.0082(12) -0.0110(11)  
C25 0.0220(13) 0.0429(16) 0.0501(17) -0.0197(14) 0.0000(12) -0.0169(12)  
 458 
 




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C1 1.451(3) . ?  
O1 H10H 0.86(2) . ?  
O2 C3 1.374(3) . ?  
O2 C12 1.443(3) . ?  
O3 C9 1.374(3) . ?  
O3 C13 1.438(3) . ?  
O4 C15 1.365(3) . ?  
O4 H40H 0.90(2) . ?  
O5 C17 1.376(3) . ?  
O5 C20 1.429(3) . ?  
C1 C2 1.531(3) . ?  
C1 C14 1.534(3) . ?  
C1 C21 1.540(3) . ?  
C2 C11 1.373(3) . ?  
C2 C3 1.433(3) . ?  
C3 C4 1.367(3) . ?  
C4 C5 1.415(3) . ?  
C4 H4 0.9500 . ?  
C5 C10 1.416(3) . ?  
C5 C6 1.423(3) . ?  
C6 C7 1.364(3) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.405(4) . ?  
C7 H7 0.9500 . ?  
C8 C9 1.374(3) . ?  
C8 H8 0.9500 . ?  
C9 C10 1.427(3) . ?  
C10 C11 1.419(3) . ?  
 459 
 
C11 H11 0.9500 . ?  
C12 H12A 0.9800 . ?  
C12 H12B 0.9800 . ?  
C12 H12C 0.9800 . ?  
C13 H13A 0.9800 . ?  
C13 H13B 0.9800 . ?  
C13 H13C 0.9800 . ?  
C14 C19 1.388(3) . ?  
C14 C15 1.413(3) . ?  
C15 C16 1.380(3) . ?  
C16 C17 1.388(3) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.389(3) . ?  
C18 C19 1.385(3) . ?  
C18 H18 0.9500 . ?  
C19 H19 0.9500 . ?  
C20 H20A 0.9800 . ?  
C20 H20B 0.9800 . ?  
C20 H20C 0.9800 . ?  
C21 C22 1.388(3) . ?  
C21 C26 1.393(3) . ?  
C22 C23 1.396(3) . ?  
C22 H22 0.9500 . ?  
C23 C24 1.382(4) . ?  
C23 H23 0.9500 . ?  
C24 C25 1.381(4) . ?  
C24 H24 0.9500 . ?  
C25 C26 1.391(3) . ?  
C25 H25 0.9500 . ?  
C26 H26 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 O1 H10H 102.9(18) . . ?  
C3 O2 C12 117.40(19) . . ?  
C9 O3 C13 117.11(18) . . ?  
C15 O4 H40H 106.2(16) . . ?  
C17 O5 C20 117.51(18) . . ?  
O1 C1 C2 109.42(17) . . ?  
O1 C1 C14 104.40(17) . . ?  
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C2 C1 C14 112.47(17) . . ?  
O1 C1 C21 109.34(17) . . ?  
C2 C1 C21 109.28(17) . . ?  
C14 C1 C21 111.78(17) . . ?  
C11 C2 C3 117.7(2) . . ?  
C11 C2 C1 122.86(19) . . ?  
C3 C2 C1 119.40(19) . . ?  
C4 C3 O2 123.7(2) . . ?  
C4 C3 C2 121.7(2) . . ?  
O2 C3 C2 114.5(2) . . ?  
C3 C4 C5 120.4(2) . . ?  
C3 C4 H4 119.8 . . ?  
C5 C4 H4 119.8 . . ?  
C4 C5 C10 119.0(2) . . ?  
C4 C5 C6 121.6(2) . . ?  
C10 C5 C6 119.4(2) . . ?  
C7 C6 C5 120.3(2) . . ?  
C7 C6 H6 119.8 . . ?  
C5 C6 H6 119.8 . . ?  
C6 C7 C8 121.2(2) . . ?  
C6 C7 H7 119.4 . . ?  
C8 C7 H7 119.4 . . ?  
C9 C8 C7 119.6(2) . . ?  
C9 C8 H8 120.2 . . ?  
C7 C8 H8 120.2 . . ?  
O3 C9 C8 124.3(2) . . ?  
O3 C9 C10 114.54(19) . . ?  
C8 C9 C10 121.2(2) . . ?  
C5 C10 C11 119.0(2) . . ?  
C5 C10 C9 118.3(2) . . ?  
C11 C10 C9 122.7(2) . . ?  
C2 C11 C10 122.1(2) . . ?  
C2 C11 H11 118.9 . . ?  
C10 C11 H11 118.9 . . ?  
O2 C12 H12A 109.5 . . ?  
O2 C12 H12B 109.5 . . ?  
H12A C12 H12B 109.5 . . ?  
O2 C12 H12C 109.5 . . ?  
H12A C12 H12C 109.5 . . ?  
H12B C12 H12C 109.5 . . ?  
O3 C13 H13A 109.5 . . ?  
O3 C13 H13B 109.5 . . ?  
H13A C13 H13B 109.5 . . ?  
O3 C13 H13C 109.5 . . ?  
H13A C13 H13C 109.5 . . ?  
H13B C13 H13C 109.5 . . ?  
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C19 C14 C15 116.50(19) . . ?  
C19 C14 C1 122.85(18) . . ?  
C15 C14 C1 120.65(18) . . ?  
O4 C15 C16 116.80(19) . . ?  
O4 C15 C14 121.90(19) . . ?  
C16 C15 C14 121.30(19) . . ?  
C15 C16 C17 120.2(2) . . ?  
C15 C16 H16 119.9 . . ?  
C17 C16 H16 119.9 . . ?  
O5 C17 C16 116.17(19) . . ?  
O5 C17 C18 123.8(2) . . ?  
C16 C17 C18 120.1(2) . . ?  
C19 C18 C17 118.7(2) . . ?  
C19 C18 H18 120.6 . . ?  
C17 C18 H18 120.6 . . ?  
C18 C19 C14 123.2(2) . . ?  
C18 C19 H19 118.4 . . ?  
C14 C19 H19 118.4 . . ?  
O5 C20 H20A 109.5 . . ?  
O5 C20 H20B 109.5 . . ?  
H20A C20 H20B 109.5 . . ?  
O5 C20 H20C 109.5 . . ?  
H20A C20 H20C 109.5 . . ?  
H20B C20 H20C 109.5 . . ?  
C22 C21 C26 119.0(2) . . ?  
C22 C21 C1 120.2(2) . . ?  
C26 C21 C1 120.8(2) . . ?  
C21 C22 C23 120.8(2) . . ?  
C21 C22 H22 119.6 . . ?  
C23 C22 H22 119.6 . . ?  
C24 C23 C22 119.7(2) . . ?  
C24 C23 H23 120.2 . . ?  
C22 C23 H23 120.2 . . ?  
C25 C24 C23 119.9(2) . . ?  
C25 C24 H24 120.1 . . ?  
C23 C24 H24 120.1 . . ?  
C24 C25 C26 120.7(2) . . ?  
C24 C25 H25 119.7 . . ?  
C26 C25 H25 119.7 . . ?  
C25 C26 C21 119.9(2) . . ?  
C25 C26 H26 120.0 . . ?  
C21 C26 H26 120.0 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
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 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O1 C1 C2 C11 -128.1(2) . . . . ?  
C14 C1 C2 C11 -12.5(3) . . . . ?  
C21 C1 C2 C11 112.2(2) . . . . ?  
O1 C1 C2 C3 54.3(2) . . . . ?  
C14 C1 C2 C3 169.85(18) . . . . ?  
C21 C1 C2 C3 -65.4(2) . . . . ?  
C12 O2 C3 C4 3.1(3) . . . . ?  
C12 O2 C3 C2 -177.38(18) . . . . ?  
C11 C2 C3 C4 -1.4(3) . . . . ?  
C1 C2 C3 C4 176.4(2) . . . . ?  
C11 C2 C3 O2 179.12(18) . . . . ?  
C1 C2 C3 O2 -3.1(3) . . . . ?  
O2 C3 C4 C5 178.81(19) . . . . ?  
C2 C3 C4 C5 -0.6(3) . . . . ?  
C3 C4 C5 C10 2.1(3) . . . . ?  
C3 C4 C5 C6 -177.5(2) . . . . ?  
C4 C5 C6 C7 179.6(2) . . . . ?  
C10 C5 C6 C7 0.0(3) . . . . ?  
C5 C6 C7 C8 -0.7(4) . . . . ?  
C6 C7 C8 C9 0.9(4) . . . . ?  
C13 O3 C9 C8 8.7(3) . . . . ?  
C13 O3 C9 C10 -170.87(18) . . . . ?  
C7 C8 C9 O3 -180.0(2) . . . . ?  
C7 C8 C9 C10 -0.4(3) . . . . ?  
C4 C5 C10 C11 -1.5(3) . . . . ?  
C6 C5 C10 C11 178.1(2) . . . . ?  
C4 C5 C10 C9 -179.13(19) . . . . ?  
C6 C5 C10 C9 0.5(3) . . . . ?  
O3 C9 C10 C5 179.33(18) . . . . ?  
C8 C9 C10 C5 -0.3(3) . . . . ?  
O3 C9 C10 C11 1.8(3) . . . . ?  
C8 C9 C10 C11 -177.8(2) . . . . ?  
C3 C2 C11 C10 2.0(3) . . . . ?  
C1 C2 C11 C10 -175.69(18) . . . . ?  
C5 C10 C11 C2 -0.6(3) . . . . ?  
C9 C10 C11 C2 177.0(2) . . . . ?  
O1 C1 C14 C19 -139.6(2) . . . . ?  
C2 C1 C14 C19 101.8(2) . . . . ?  
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C21 C1 C14 C19 -21.5(3) . . . . ?  
O1 C1 C14 C15 41.5(2) . . . . ?  
C2 C1 C14 C15 -77.0(2) . . . . ?  
C21 C1 C14 C15 159.61(19) . . . . ?  
C19 C14 C15 O4 -180.0(2) . . . . ?  
C1 C14 C15 O4 -1.1(3) . . . . ?  
C19 C14 C15 C16 -0.8(3) . . . . ?  
C1 C14 C15 C16 178.1(2) . . . . ?  
O4 C15 C16 C17 -180.0(2) . . . . ?  
C14 C15 C16 C17 0.8(3) . . . . ?  
C20 O5 C17 C16 -173.5(2) . . . . ?  
C20 O5 C17 C18 6.1(3) . . . . ?  
C15 C16 C17 O5 179.4(2) . . . . ?  
C15 C16 C17 C18 -0.3(3) . . . . ?  
O5 C17 C18 C19 -179.9(2) . . . . ?  
C16 C17 C18 C19 -0.2(3) . . . . ?  
C17 C18 C19 C14 0.2(3) . . . . ?  
C15 C14 C19 C18 0.3(3) . . . . ?  
C1 C14 C19 C18 -178.6(2) . . . . ?  
O1 C1 C21 C22 -165.89(19) . . . . ?  
C2 C1 C21 C22 -46.1(3) . . . . ?  
C14 C1 C21 C22 79.0(3) . . . . ?  
O1 C1 C21 C26 15.0(3) . . . . ?  
C2 C1 C21 C26 134.7(2) . . . . ?  
C14 C1 C21 C26 -100.1(2) . . . . ?  
C26 C21 C22 C23 -0.5(3) . . . . ?  
C1 C21 C22 C23 -179.64(19) . . . . ?  
C21 C22 C23 C24 -1.0(3) . . . . ?  
C22 C23 C24 C25 1.4(4) . . . . ?  
C23 C24 C25 C26 -0.3(4) . . . . ?  
C24 C25 C26 C21 -1.2(4) . . . . ?  
C22 C21 C26 C25 1.5(3) . . . . ?  
C1 C21 C26 C25 -179.3(2) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O1 H10H O2  0.86(2) 1.94(3) 2.677(2) 142(2) .  




_diffrn_measured_fraction_theta_max    0.989  
_diffrn_reflns_theta_full              25.00  
_diffrn_measured_fraction_theta_full   0.999  
_refine_diff_density_max    0.39  
_refine_diff_density_min   -0.24  
_refine_diff_density_rms    0.058  




Figure B19.  Crystal structure of compound 3.10 
 
Table  B19.  CIF data for compound 3.10 
data_10 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'Local laboratory' 
_chemical_formula_moiety      'C28 H20 O4, 2(C3 H6 O)'  
_chemical_formula_sum         'C34 H32 O6'  
_chemical_formula_weight          536.60  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P 21/c        ' 






 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    14.395(3)  
_cell_length_b                    8.6291(15)  
_cell_length_c                    23.881(5)  
_cell_angle_alpha                 90 
_cell_angle_beta                  102.115(7)  
_cell_angle_gamma                 90 
_cell_volume                      2900.3(10)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     110 
_cell_measurement_reflns_used     5246 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        27.5 
  
_exptl_crystal_description        'needle fragment' 
_exptl_crystal_colour             yellow 
_exptl_crystal_size_max           0.32  
_exptl_crystal_size_mid           0.20  
_exptl_crystal_size_min           0.15  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.229  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1136  
_exptl_absorpt_coefficient_mu     0.084  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 




 ?  
;  
  
_diffrn_ambient_temperature       110 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
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_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             17816 
_diffrn_reflns_av_R_equivalents   0.033  
_diffrn_reflns_av_sigmaI/netI     0.0517  
_diffrn_reflns_limit_h_min        -17  
_diffrn_reflns_limit_h_max        18  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        10  
_diffrn_reflns_limit_l_min        -30  
_diffrn_reflns_limit_l_max        30  
_diffrn_reflns_theta_min          2.7  
_diffrn_reflns_theta_max          27.5  
_reflns_number_total              6613  
_reflns_number_gt                 4796  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)' 
_computing_cell_refinement        'HKL Scalepack (Otwinowski & Minor 1997)' 
_computing_data_reduction   'HKL Denzo and Scalepack (Otwinowski & Minor 1997)' 
_computing_structure_solution     'SIR97 (Altomare et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0251P)^2^+3.3484P] where P=(Fo^2^+2Fc^2^)/3'  
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_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0073(8)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          6613  
_refine_ls_number_parameters      373  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.093  
_refine_ls_R_factor_gt            0.063  
_refine_ls_wR_factor_ref          0.145  
_refine_ls_wR_factor_gt           0.133  
_refine_ls_goodness_of_fit_ref    1.104  
_refine_ls_restrained_S_all       1.104  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.32681(11) 0.88394(19) 0.27683(7) 0.0289(4) Uani 1 1 d . . .  
O2 O 0.70400(12) 0.7827(2) 0.46431(7) 0.0324(4) Uani 1 1 d . . .  
H20H H 0.759(2) 0.796(4) 0.4841(13) 0.049 Uiso 1 1 d . . .  
O3 O 0.00389(13) 0.6218(2) 0.39515(8) 0.0388(5) Uani 1 1 d . . .  
H30H H -0.049(2) 0.583(4) 0.3982(14) 0.058 Uiso 1 1 d . . .  
O4 O 0.35202(11) 0.74909(16) 0.44545(6) 0.0230(3) Uani 1 1 d . . .  
C1 C 0.41518(16) 0.8753(2) 0.31288(9) 0.0231(5) Uani 1 1 d . . .  
C2 C 0.48749(16) 0.9514(3) 0.29441(10) 0.0250(5) Uani 1 1 d . . .  
H2 H 0.4752 1.0010 0.2581 0.030 Uiso 1 1 calc R . .  
C3 C 0.57946(16) 0.9559(2) 0.32910(10) 0.0241(5) Uani 1 1 d . . .  
C4 C 0.65432(17) 1.0445(3) 0.31455(10) 0.0294(5) Uani 1 1 d . . .  
H4 H 0.6428 1.1044 0.2804 0.035 Uiso 1 1 calc R . .  
 469 
 
C5 C 0.74241(17) 1.0441(3) 0.34932(11) 0.0322(5) Uani 1 1 d . . .  
H5 H 0.7914 1.1048 0.3392 0.039 Uiso 1 1 calc R . .  
C6 C 0.76229(17) 0.9553(3) 0.39998(11) 0.0316(5) Uani 1 1 d . . .  
H6 H 0.8247 0.9539 0.4230 0.038 Uiso 1 1 calc R . .  
C7 C 0.69136(17) 0.8710(3) 0.41604(10) 0.0267(5) Uani 1 1 d . . .  
C8 C 0.59740(16) 0.8713(2) 0.38155(9) 0.0231(5) Uani 1 1 d . . .  
C9 C 0.52145(15) 0.7936(2) 0.39837(9) 0.0230(5) Uani 1 1 d . . .  
H9 H 0.5335 0.7376 0.4334 0.028 Uiso 1 1 calc R . .  
C10 C 0.43044(15) 0.7961(2) 0.36572(9) 0.0218(5) Uani 1 1 d . . .  
C11 C 0.34976(15) 0.7132(2) 0.38624(9) 0.0213(4) Uani 1 1 d . . .  
C12 C 0.25459(16) 0.7567(2) 0.34877(9) 0.0232(5) Uani 1 1 d . . .  
C13 C 0.17141(16) 0.7164(3) 0.36492(10) 0.0258(5) Uani 1 1 d . . .  
H13 H 0.1746 0.6578 0.3990 0.031 Uiso 1 1 calc R . .  
C14 C 0.08156(16) 0.7594(3) 0.33246(10) 0.0253(5) Uani 1 1 d . . .  
C15 C -0.00506(17) 0.7153(3) 0.34843(10) 0.0285(5) Uani 1 1 d . . .  
C16 C -0.09060(17) 0.7646(3) 0.31690(11) 0.0317(5) Uani 1 1 d . . .  
H16 H -0.1478 0.7363 0.3281 0.038 Uiso 1 1 calc R . .  
C17 C -0.09400(18) 0.8568(3) 0.26804(11) 0.0351(6) Uani 1 1 d . . .  
H17 H -0.1538 0.8911 0.2469 0.042 Uiso 1 1 calc R . .  
C18 C -0.01341(18) 0.8982(3) 0.25030(11) 0.0346(6) Uani 1 1 d . . .  
H18 H -0.0175 0.9592 0.2168 0.041 Uiso 1 1 calc R . .  
C19 C 0.07666(16) 0.8500(3) 0.28210(10) 0.0272(5) Uani 1 1 d . . .  
C20 C 0.16197(17) 0.8879(3) 0.26510(10) 0.0278(5) Uani 1 1 d . . .  
H20 H 0.1601 0.9452 0.2309 0.033 Uiso 1 1 calc R . .  
C21 C 0.24776(16) 0.8423(2) 0.29782(10) 0.0244(5) Uani 1 1 d . . .  
C22 C 0.36940(15) 0.5390(2) 0.38569(9) 0.0210(4) Uani 1 1 d . . .  
C23 C 0.41100(16) 0.4609(2) 0.43546(9) 0.0238(5) Uani 1 1 d . . .  
H23 H 0.4203 0.5125 0.4714 0.029 Uiso 1 1 calc R . .  
C24 C 0.43918(17) 0.3073(3) 0.43286(10) 0.0277(5) Uani 1 1 d . . .  
H24 H 0.4680 0.2545 0.4670 0.033 Uiso 1 1 calc R . .  
C25 C 0.42555(17) 0.2311(3) 0.38108(10) 0.0296(5) Uani 1 1 d . . .  
H25 H 0.4467 0.1273 0.3794 0.035 Uiso 1 1 calc R . .  
C26 C 0.38094(18) 0.3065(3) 0.33141(10) 0.0324(6) Uani 1 1 d . . .  
H26 H 0.3696 0.2534 0.2958 0.039 Uiso 1 1 calc R . .  
C27 C 0.35288(17) 0.4596(3) 0.33392(10) 0.0286(5) Uani 1 1 d . . .  
H27 H 0.3220 0.5109 0.2999 0.034 Uiso 1 1 calc R . .  
C28 C 0.33937(19) 0.9077(3) 0.45842(11) 0.0329(6) Uani 1 1 d . . .  
H28A H 0.3921 0.9689 0.4499 0.049 Uiso 1 1 calc R . .  
H28B H 0.3381 0.9180 0.4991 0.049 Uiso 1 1 calc R . .  
H28C H 0.2793 0.9453 0.4352 0.049 Uiso 1 1 calc R . .  
O1S O -0.17630(13) 0.5039(3) 0.38675(8) 0.0491(5) Uani 1 1 d . . .  
C1S C -0.22932(18) 0.4518(3) 0.41538(12) 0.0358(6) Uani 1 1 d . . .  
C2S C -0.3322(2) 0.4278(4) 0.39025(17) 0.0604(10) Uani 1 1 d . . .  
H2S1 H -0.3446 0.4501 0.3491 0.091 Uiso 1 1 calc R . .  
H2S2 H -0.3701 0.4974 0.4089 0.091 Uiso 1 1 calc R . .  
H2S3 H -0.3494 0.3200 0.3962 0.091 Uiso 1 1 calc R . .  
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C3S C -0.1945(3) 0.4086(4) 0.47613(14) 0.0654(10) Uani 1 1 d . . .  
H3S1 H -0.1302 0.4495 0.4896 0.098 Uiso 1 1 calc R . .  
H3S2 H -0.1935 0.2955 0.4798 0.098 Uiso 1 1 calc R . .  
H3S3 H -0.2369 0.4523 0.4993 0.098 Uiso 1 1 calc R . .  
O2S O 0.88243(14) 0.8196(3) 0.52676(9) 0.0576(6) Uani 1 1 d . . .  
C4S C 0.90457(18) 0.8034(3) 0.57826(12) 0.0355(6) Uani 1 1 d . . .  
C5S C 0.8355(2) 0.7541(4) 0.61255(13) 0.0488(8) Uani 1 1 d . . .  
H5S1 H 0.8540 0.6526 0.6297 0.073 Uiso 1 1 calc R . .  
H5S2 H 0.7721 0.7470 0.5878 0.073 Uiso 1 1 calc R . .  
H5S3 H 0.8346 0.8301 0.6429 0.073 Uiso 1 1 calc R . .  
C6S C 1.00478(19) 0.8321(4) 0.60964(14) 0.0501(8) Uani 1 1 d . . .  
H6S1 H 1.0427 0.8681 0.5826 0.075 Uiso 1 1 calc R . .  
H6S2 H 1.0320 0.7357 0.6277 0.075 Uiso 1 1 calc R . .  
H6S3 H 1.0051 0.9112 0.6391 0.075 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.0245(9) 0.0366(9) 0.0256(8) 0.0069(7) 0.0049(7) -0.0016(7)  
O2 0.0232(9) 0.0406(10) 0.0312(9) 0.0042(8) 0.0007(7) -0.0032(8)  
O3 0.0252(9) 0.0523(11) 0.0401(11) 0.0143(9) 0.0093(8) -0.0010(8)  
O4 0.0271(8) 0.0204(7) 0.0221(8) -0.0013(6) 0.0067(6) -0.0002(6)  
C1 0.0233(11) 0.0227(10) 0.0229(11) -0.0015(9) 0.0040(9) 0.0005(9)  
C2 0.0300(12) 0.0238(11) 0.0222(11) 0.0018(9) 0.0078(9) 0.0006(9)  
C3 0.0266(12) 0.0226(10) 0.0250(11) -0.0039(9) 0.0094(9) -0.0010(9)  
C4 0.0310(13) 0.0306(12) 0.0303(13) -0.0017(10) 0.0151(10) -0.0026(10)  
C5 0.0281(13) 0.0338(12) 0.0381(14) -0.0042(11) 0.0150(11) -0.0084(10)  
C6 0.0227(12) 0.0370(13) 0.0360(14) -0.0057(11) 0.0080(10) -0.0053(10)  
C7 0.0261(12) 0.0285(11) 0.0266(12) -0.0033(10) 0.0085(10) -0.0009(10)  
C8 0.0243(11) 0.0216(10) 0.0248(11) -0.0040(9) 0.0083(9) -0.0006(9)  
C9 0.0232(11) 0.0221(10) 0.0243(11) -0.0007(9) 0.0065(9) -0.0004(9)  
C10 0.0239(11) 0.0182(10) 0.0240(11) -0.0013(8) 0.0066(9) -0.0014(9)  
C11 0.0203(11) 0.0235(10) 0.0208(10) 0.0000(9) 0.0059(9) -0.0009(9)  
C12 0.0236(11) 0.0214(10) 0.0244(11) 0.0000(9) 0.0044(9) -0.0006(9)  
C13 0.0260(12) 0.0251(11) 0.0262(12) 0.0028(9) 0.0056(9) 0.0002(9)  
C14 0.0234(11) 0.0249(11) 0.0273(12) -0.0006(9) 0.0043(9) 0.0012(9)  
C15 0.0260(12) 0.0308(12) 0.0290(12) -0.0008(10) 0.0063(10) 0.0008(10)  
C16 0.0234(12) 0.0355(13) 0.0370(14) -0.0047(11) 0.0082(10) 0.0020(10)  
C17 0.0252(13) 0.0377(13) 0.0390(14) 0.0012(11) -0.0008(11) 0.0054(11)  
C18 0.0283(14) 0.0384(14) 0.0343(13) 0.0070(11) 0.0004(11) 0.0027(11)  
C19 0.0246(12) 0.0267(11) 0.0287(12) 0.0000(9) 0.0020(10) 0.0006(9)  
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C20 0.0277(12) 0.0283(11) 0.0258(12) 0.0040(9) 0.0021(10) -0.0012(10)  
C21 0.0241(12) 0.0239(11) 0.0252(11) -0.0006(9) 0.0055(9) -0.0014(9)  
C22 0.0184(10) 0.0214(10) 0.0236(11) 0.0005(9) 0.0056(9) -0.0022(8)  
C23 0.0253(12) 0.0228(10) 0.0227(11) -0.0019(9) 0.0037(9) -0.0005(9)  
C24 0.0295(12) 0.0241(11) 0.0290(12) 0.0036(9) 0.0053(10) 0.0017(9)  
C25 0.0362(14) 0.0198(10) 0.0353(13) -0.0019(10) 0.0133(11) -0.0011(10)  
C26 0.0435(15) 0.0282(12) 0.0264(12) -0.0063(10) 0.0093(11) -0.0021(11)  
C27 0.0381(14) 0.0257(11) 0.0219(11) 0.0010(9) 0.0056(10) -0.0008(10)  
C28 0.0425(15) 0.0242(11) 0.0336(14) -0.0045(10) 0.0117(12) 0.0015(10)  
O1S 0.0345(11) 0.0704(14) 0.0442(12) 0.0121(10) 0.0122(9) -0.0116(10)  
C1S 0.0310(14) 0.0329(13) 0.0461(16) -0.0021(12) 0.0136(12) -0.0035(11)  
C2S 0.0326(16) 0.0561(19) 0.095(3) -0.0255(19) 0.0194(17) -0.0095(14)  
C3S 0.077(3) 0.072(2) 0.052(2) 0.0208(18) 0.0262(18) 0.007(2)  
O2S 0.0326(11) 0.0963(18) 0.0407(12) 0.0081(12) 0.0002(9) -0.0150(11)  
C4S 0.0266(13) 0.0364(13) 0.0414(15) -0.0001(11) 0.0024(11) -0.0031(11)  
C5S 0.0317(15) 0.0638(19) 0.0480(18) 0.0106(15) 0.0014(13) -0.0059(14)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C1 1.380(3) . ?  
O1 C21 1.384(3) . ?  
O2 C7 1.362(3) . ?  
O2 H20H 0.84(3) . ?  
O3 C15 1.361(3) . ?  
O3 H30H 0.85(3) . ?  
O4 C28 1.423(3) . ?  
O4 C11 1.441(3) . ?  
C1 C2 1.379(3) . ?  
C1 C10 1.411(3) . ?  
C2 C3 1.407(3) . ?  
C2 H2 0.9500 . ?  
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C3 C4 1.423(3) . ?  
C3 C8 1.426(3) . ?  
C4 C5 1.362(3) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.410(4) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.372(3) . ?  
C6 H6 0.9500 . ?  
C7 C8 1.428(3) . ?  
C8 C9 1.411(3) . ?  
C9 C10 1.377(3) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.530(3) . ?  
C11 C12 1.518(3) . ?  
C11 C22 1.530(3) . ?  
C12 C13 1.377(3) . ?  
C12 C21 1.409(3) . ?  
C13 C14 1.411(3) . ?  
C13 H13 0.9500 . ?  
C14 C19 1.424(3) . ?  
C14 C15 1.430(3) . ?  
C15 C16 1.369(3) . ?  
C16 C17 1.405(4) . ?  
C16 H16 0.9500 . ?  
C17 C18 1.363(4) . ?  
C17 H17 0.9500 . ?  
C18 C19 1.420(3) . ?  
C18 H18 0.9500 . ?  
C19 C20 1.410(3) . ?  
C20 C21 1.373(3) . ?  
C20 H20 0.9500 . ?  
C22 C23 1.388(3) . ?  
C22 C27 1.389(3) . ?  
C23 C24 1.392(3) . ?  
C23 H23 0.9500 . ?  
C24 C25 1.377(3) . ?  
C24 H24 0.9500 . ?  
C25 C26 1.387(3) . ?  
C25 H25 0.9500 . ?  
C26 C27 1.387(3) . ?  
C26 H26 0.9500 . ?  
C27 H27 0.9500 . ?  
C28 H28A 0.9800 . ?  
C28 H28B 0.9800 . ?  
C28 H28C 0.9800 . ?  
O1S C1S 1.213(3) . ?  
 473 
 
C1S C3S 1.480(4) . ?  
C1S C2S 1.491(4) . ?  
C2S H2S1 0.9800 . ?  
C2S H2S2 0.9800 . ?  
C2S H2S3 0.9800 . ?  
C3S H3S1 0.9800 . ?  
C3S H3S2 0.9800 . ?  
C3S H3S3 0.9800 . ?  
O2S C4S 1.212(3) . ?  
C4S C5S 1.477(4) . ?  
C4S C6S 1.500(4) . ?  
C5S H5S1 0.9800 . ?  
C5S H5S2 0.9800 . ?  
C5S H5S3 0.9800 . ?  
C6S H6S1 0.9800 . ?  
C6S H6S2 0.9800 . ?  
C6S H6S3 0.9800 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1 O1 C21 118.71(17) . . ?  
C7 O2 H20H 110(2) . . ?  
C15 O3 H30H 112(2) . . ?  
C28 O4 C11 116.29(17) . . ?  
C2 C1 O1 115.69(19) . . ?  
C2 C1 C10 122.0(2) . . ?  
O1 C1 C10 122.29(19) . . ?  
C1 C2 C3 120.3(2) . . ?  
C1 C2 H2 119.8 . . ?  
C3 C2 H2 119.8 . . ?  
C2 C3 C4 122.6(2) . . ?  
C2 C3 C8 118.5(2) . . ?  
C4 C3 C8 118.9(2) . . ?  
C5 C4 C3 120.4(2) . . ?  
C5 C4 H4 119.8 . . ?  
C3 C4 H4 119.8 . . ?  
C4 C5 C6 121.4(2) . . ?  
C4 C5 H5 119.3 . . ?  
C6 C5 H5 119.3 . . ?  
C7 C6 C5 119.9(2) . . ?  
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C7 C6 H6 120.0 . . ?  
C5 C6 H6 120.0 . . ?  
O2 C7 C6 123.9(2) . . ?  
O2 C7 C8 115.5(2) . . ?  
C6 C7 C8 120.5(2) . . ?  
C9 C8 C3 119.0(2) . . ?  
C9 C8 C7 122.1(2) . . ?  
C3 C8 C7 118.9(2) . . ?  
C10 C9 C8 122.2(2) . . ?  
C10 C9 H9 118.9 . . ?  
C8 C9 H9 118.9 . . ?  
C9 C10 C1 117.7(2) . . ?  
C9 C10 C11 120.47(19) . . ?  
C1 C10 C11 121.79(19) . . ?  
O4 C11 C12 110.91(17) . . ?  
O4 C11 C10 110.56(17) . . ?  
C12 C11 C10 110.33(18) . . ?  
O4 C11 C22 104.69(17) . . ?  
C12 C11 C22 112.55(18) . . ?  
C10 C11 C22 107.63(17) . . ?  
C13 C12 C21 117.8(2) . . ?  
C13 C12 C11 120.17(19) . . ?  
C21 C12 C11 121.96(19) . . ?  
C12 C13 C14 122.0(2) . . ?  
C12 C13 H13 119.0 . . ?  
C14 C13 H13 119.0 . . ?  
C13 C14 C19 119.1(2) . . ?  
C13 C14 C15 122.3(2) . . ?  
C19 C14 C15 118.7(2) . . ?  
O3 C15 C16 123.7(2) . . ?  
O3 C15 C14 116.0(2) . . ?  
C16 C15 C14 120.3(2) . . ?  
C15 C16 C17 120.2(2) . . ?  
C15 C16 H16 119.9 . . ?  
C17 C16 H16 119.9 . . ?  
C18 C17 C16 121.5(2) . . ?  
C18 C17 H17 119.2 . . ?  
C16 C17 H17 119.2 . . ?  
C17 C18 C19 119.9(2) . . ?  
C17 C18 H18 120.1 . . ?  
C19 C18 H18 120.1 . . ?  
C20 C19 C18 122.0(2) . . ?  
C20 C19 C14 118.6(2) . . ?  
C18 C19 C14 119.4(2) . . ?  
C21 C20 C19 120.2(2) . . ?  
C21 C20 H20 119.9 . . ?  
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C19 C20 H20 119.9 . . ?  
C20 C21 O1 115.4(2) . . ?  
C20 C21 C12 122.2(2) . . ?  
O1 C21 C12 122.4(2) . . ?  
C23 C22 C27 119.1(2) . . ?  
C23 C22 C11 121.10(19) . . ?  
C27 C22 C11 119.62(19) . . ?  
C22 C23 C24 120.1(2) . . ?  
C22 C23 H23 119.9 . . ?  
C24 C23 H23 119.9 . . ?  
C25 C24 C23 120.4(2) . . ?  
C25 C24 H24 119.8 . . ?  
C23 C24 H24 119.8 . . ?  
C24 C25 C26 119.8(2) . . ?  
C24 C25 H25 120.1 . . ?  
C26 C25 H25 120.1 . . ?  
C25 C26 C27 119.8(2) . . ?  
C25 C26 H26 120.1 . . ?  
C27 C26 H26 120.1 . . ?  
C26 C27 C22 120.7(2) . . ?  
C26 C27 H27 119.6 . . ?  
C22 C27 H27 119.6 . . ?  
O4 C28 H28A 109.5 . . ?  
O4 C28 H28B 109.5 . . ?  
H28A C28 H28B 109.5 . . ?  
O4 C28 H28C 109.5 . . ?  
H28A C28 H28C 109.5 . . ?  
H28B C28 H28C 109.5 . . ?  
O1S C1S C3S 121.5(3) . . ?  
O1S C1S C2S 120.9(3) . . ?  
C3S C1S C2S 117.6(3) . . ?  
C1S C2S H2S1 109.5 . . ?  
C1S C2S H2S2 109.5 . . ?  
H2S1 C2S H2S2 109.5 . . ?  
C1S C2S H2S3 109.5 . . ?  
H2S1 C2S H2S3 109.5 . . ?  
H2S2 C2S H2S3 109.5 . . ?  
C1S C3S H3S1 109.5 . . ?  
C1S C3S H3S2 109.5 . . ?  
H3S1 C3S H3S2 109.5 . . ?  
C1S C3S H3S3 109.5 . . ?  
H3S1 C3S H3S3 109.5 . . ?  
H3S2 C3S H3S3 109.5 . . ?  
O2S C4S C5S 122.1(2) . . ?  
O2S C4S C6S 120.6(3) . . ?  
C5S C4S C6S 117.3(2) . . ?  
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C4S C5S H5S1 109.5 . . ?  
C4S C5S H5S2 109.5 . . ?  
H5S1 C5S H5S2 109.5 . . ?  
C4S C5S H5S3 109.5 . . ?  
H5S1 C5S H5S3 109.5 . . ?  
H5S2 C5S H5S3 109.5 . . ?  
C4S C6S H6S1 109.5 . . ?  
C4S C6S H6S2 109.5 . . ?  
H6S1 C6S H6S2 109.5 . . ?  
C4S C6S H6S3 109.5 . . ?  
H6S1 C6S H6S3 109.5 . . ?  
H6S2 C6S H6S3 109.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C21 O1 C1 C2 -165.30(19) . . . . ?  
C21 O1 C1 C10 13.6(3) . . . . ?  
O1 C1 C2 C3 177.08(19) . . . . ?  
C10 C1 C2 C3 -1.8(3) . . . . ?  
C1 C2 C3 C4 -174.0(2) . . . . ?  
C1 C2 C3 C8 4.3(3) . . . . ?  
C2 C3 C4 C5 -179.4(2) . . . . ?  
C8 C3 C4 C5 2.2(3) . . . . ?  
C3 C4 C5 C6 0.7(4) . . . . ?  
C4 C5 C6 C7 -2.1(4) . . . . ?  
C5 C6 C7 O2 -179.8(2) . . . . ?  
C5 C6 C7 C8 0.5(4) . . . . ?  
C2 C3 C8 C9 -3.5(3) . . . . ?  
C4 C3 C8 C9 174.9(2) . . . . ?  
C2 C3 C8 C7 177.9(2) . . . . ?  
C4 C3 C8 C7 -3.7(3) . . . . ?  
O2 C7 C8 C9 4.1(3) . . . . ?  
C6 C7 C8 C9 -176.2(2) . . . . ?  
O2 C7 C8 C3 -177.39(19) . . . . ?  
C6 C7 C8 C3 2.4(3) . . . . ?  
C3 C8 C9 C10 0.2(3) . . . . ?  
C7 C8 C9 C10 178.7(2) . . . . ?  
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C8 C9 C10 C1 2.3(3) . . . . ?  
C8 C9 C10 C11 -178.63(19) . . . . ?  
C2 C1 C10 C9 -1.5(3) . . . . ?  
O1 C1 C10 C9 179.64(19) . . . . ?  
C2 C1 C10 C11 179.4(2) . . . . ?  
O1 C1 C10 C11 0.6(3) . . . . ?  
C28 O4 C11 C12 -60.8(2) . . . . ?  
C28 O4 C11 C10 61.9(2) . . . . ?  
C28 O4 C11 C22 177.55(18) . . . . ?  
C9 C10 C11 O4 46.7(3) . . . . ?  
C1 C10 C11 O4 -134.3(2) . . . . ?  
C9 C10 C11 C12 169.78(19) . . . . ?  
C1 C10 C11 C12 -11.2(3) . . . . ?  
C9 C10 C11 C22 -67.1(2) . . . . ?  
C1 C10 C11 C22 111.9(2) . . . . ?  
O4 C11 C12 C13 -46.3(3) . . . . ?  
C10 C11 C12 C13 -169.17(19) . . . . ?  
C22 C11 C12 C13 70.6(3) . . . . ?  
O4 C11 C12 C21 131.8(2) . . . . ?  
C10 C11 C12 C21 9.0(3) . . . . ?  
C22 C11 C12 C21 -111.3(2) . . . . ?  
C21 C12 C13 C14 -0.6(3) . . . . ?  
C11 C12 C13 C14 177.6(2) . . . . ?  
C12 C13 C14 C19 -1.3(3) . . . . ?  
C12 C13 C14 C15 178.8(2) . . . . ?  
C13 C14 C15 O3 -3.6(3) . . . . ?  
C19 C14 C15 O3 176.5(2) . . . . ?  
C13 C14 C15 C16 177.5(2) . . . . ?  
C19 C14 C15 C16 -2.4(3) . . . . ?  
O3 C15 C16 C17 -177.8(2) . . . . ?  
C14 C15 C16 C17 1.0(4) . . . . ?  
C15 C16 C17 C18 0.7(4) . . . . ?  
C16 C17 C18 C19 -1.1(4) . . . . ?  
C17 C18 C19 C20 179.1(2) . . . . ?  
C17 C18 C19 C14 -0.4(4) . . . . ?  
C13 C14 C19 C20 2.7(3) . . . . ?  
C15 C14 C19 C20 -177.4(2) . . . . ?  
C13 C14 C19 C18 -177.9(2) . . . . ?  
C15 C14 C19 C18 2.0(3) . . . . ?  
C18 C19 C20 C21 178.4(2) . . . . ?  
C14 C19 C20 C21 -2.2(3) . . . . ?  
C19 C20 C21 O1 179.2(2) . . . . ?  
C19 C20 C21 C12 0.3(3) . . . . ?  
C1 O1 C21 C20 165.0(2) . . . . ?  
C1 O1 C21 C12 -16.0(3) . . . . ?  
C13 C12 C21 C20 1.1(3) . . . . ?  
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C11 C12 C21 C20 -177.0(2) . . . . ?  
C13 C12 C21 O1 -177.7(2) . . . . ?  
C11 C12 C21 O1 4.1(3) . . . . ?  
O4 C11 C22 C23 -18.9(3) . . . . ?  
C12 C11 C22 C23 -139.4(2) . . . . ?  
C10 C11 C22 C23 98.8(2) . . . . ?  
O4 C11 C22 C27 166.62(19) . . . . ?  
C12 C11 C22 C27 46.1(3) . . . . ?  
C10 C11 C22 C27 -75.7(2) . . . . ?  
C27 C22 C23 C24 2.7(3) . . . . ?  
C11 C22 C23 C24 -171.9(2) . . . . ?  
C22 C23 C24 C25 -0.4(3) . . . . ?  
C23 C24 C25 C26 -1.9(4) . . . . ?  
C24 C25 C26 C27 2.0(4) . . . . ?  
C25 C26 C27 C22 0.3(4) . . . . ?  
C23 C22 C27 C26 -2.6(3) . . . . ?  
C11 C22 C27 C26 172.0(2) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O2 H20H O2S  0.84(3) 1.87(3) 2.705(3) 178(3) .  
O3 H30H O1S  0.85(3) 1.92(3) 2.754(3) 167(3) .  
  
_diffrn_measured_fraction_theta_max    0.996  
_diffrn_reflns_theta_full              25.0  
_diffrn_measured_fraction_theta_full   0.997  
_refine_diff_density_max    0.24  
_refine_diff_density_min   -0.25  
_refine_diff_density_rms    0.053  




Figure B20.  Crystal structure of compound 3.13 
 
Table  B20.  CIF data for compound 3.13 
data_13 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety     'C23 H14 O3'  
_chemical_formula_sum        'C23 H14 O3'  
_chemical_formula_weight          338.34  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
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 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P 21/c        ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    10.9460(8)  
_cell_length_b                    18.944(8)  
_cell_length_c                    8.041(15)  
_cell_angle_alpha                 90 
_cell_angle_beta                  105.58(4)  
_cell_angle_gamma                 90 
_cell_volume                      1606(3)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     110 
_cell_measurement_reflns_used     5643 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        26.0 
  
_exptl_crystal_description        lath  
_exptl_crystal_colour             orange 
_exptl_crystal_size_max           0.37  
_exptl_crystal_size_mid           0.12  
_exptl_crystal_size_min           0.02  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.399  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              704  
_exptl_absorpt_coefficient_mu     0.092  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 









_diffrn_ambient_temperature       110 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type     'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method              ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             23629 
_diffrn_reflns_av_R_equivalents   0.105  
_diffrn_reflns_av_sigmaI/netI     0.2592  
_diffrn_reflns_limit_h_min        -13  
_diffrn_reflns_limit_h_max        13  
_diffrn_reflns_limit_k_min        -23  
_diffrn_reflns_limit_k_max        23  
_diffrn_reflns_limit_l_min        -9  
_diffrn_reflns_limit_l_max        9  
_diffrn_reflns_theta_min          2.8  
_diffrn_reflns_theta_max          25.9  
_reflns_number_total              3113  
_reflns_number_gt                 1068  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection        'COLLECT (Nonius, 2000)'  
_computing_cell_refinement 
                           'Denzo and Scalepack (Otwinowski & Minor, 1997)' 
_computing_data_reduction 
                           'Denzo and Scalepack (Otwinowski & Minor, 1997)' 
_computing_structure_solution     'SIR97 (Altomare  et al., 1999)' 
_computing_structure_refinement         'SHELXL-97 (Sheldrick, 1997)' 
_computing_molecular_graphics           'Ortep-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
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 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0568P)^2^] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          3113  
_refine_ls_number_parameters      236  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.271  
_refine_ls_R_factor_gt            0.083  
_refine_ls_wR_factor_ref          0.185  
_refine_ls_wR_factor_gt           0.133  
_refine_ls_goodness_of_fit_ref    0.960  
_refine_ls_restrained_S_all       0.960  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.4894(3) 0.46828(17) 0.7616(4) 0.0313(9) Uani 1 1 d . . .  
O2 O 0.7969(3) 0.36498(19) 1.2214(4) 0.0384(10) Uani 1 1 d . . .  
O3 O 0.3464(3) 0.75544(18) 0.3593(5) 0.0401(10) Uani 1 1 d . . .  
H3 H 0.2954 0.7894 0.3343 0.060 Uiso 1 1 calc R . .  
C1 C 0.5999(4) 0.4743(3) 0.8927(6) 0.0273(13) Uani 1 1 d . . .  
C2 C 0.6387(5) 0.4164(3) 0.9887(6) 0.0317(14) Uani 1 1 d . . .  
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H2 H 0.5905 0.3741 0.9646 0.038 Uiso 1 1 calc R . .  
C3 C 0.7527(5) 0.4183(3) 1.1278(6) 0.0340(14) Uani 1 1 d . . .  
C4 C 0.8188(5) 0.4858(3) 1.1640(6) 0.0341(14) Uani 1 1 d . . .  
H4 H 0.8924 0.4895 1.2586 0.041 Uiso 1 1 calc R . .  
C5 C 0.7769(5) 0.5432(3) 1.0652(6) 0.0337(14) Uani 1 1 d . . .  
H5 H 0.8219 0.5864 1.0924 0.040 Uiso 1 1 calc R . .  
C6 C 0.6655(5) 0.5409(3) 0.9194(6) 0.0322(14) Uani 1 1 d . . .  
C7 C 0.6259(5) 0.5972(3) 0.8127(6) 0.0315(14) Uani 1 1 d . . .  
C8 C 0.5075(5) 0.5903(3) 0.6788(6) 0.0266(13) Uani 1 1 d . . .  
C9 C 0.4537(5) 0.6450(3) 0.5681(6) 0.0325(14) Uani 1 1 d . . .  
H9 H 0.4964 0.6891 0.5778 0.039 Uiso 1 1 calc R . .  
C10 C 0.3376(5) 0.6367(3) 0.4422(6) 0.0308(13) Uani 1 1 d . . .  
C11 C 0.2812(5) 0.6940(3) 0.3335(6) 0.0337(14) Uani 1 1 d . . .  
C12 C 0.1685(5) 0.6845(3) 0.2097(6) 0.0366(15) Uani 1 1 d . . .  
H12 H 0.1313 0.7225 0.1363 0.044 Uiso 1 1 calc R . .  
C13 C 0.1088(5) 0.6187(3) 0.1923(6) 0.0365(15) Uani 1 1 d . . .  
H13 H 0.0312 0.6128 0.1054 0.044 Uiso 1 1 calc R . .  
C14 C 0.1575(5) 0.5627(3) 0.2954(6) 0.0340(14) Uani 1 1 d . . .  
H14 H 0.1136 0.5189 0.2814 0.041 Uiso 1 1 calc R . .  
C15 C 0.2738(5) 0.5703(3) 0.4230(6) 0.0309(14) Uani 1 1 d . . .  
C16 C 0.3309(5) 0.5147(3) 0.5351(6) 0.0311(14) Uani 1 1 d . . .  
H16 H 0.2913 0.4697 0.5243 0.037 Uiso 1 1 calc R . .  
C17 C 0.4424(5) 0.5253(3) 0.6586(6) 0.0307(13) Uani 1 1 d . . .  
C18 C 0.7021(5) 0.6629(3) 0.8276(6) 0.0331(14) Uani 1 1 d . . .  
C19 C 0.6540(5) 0.7286(3) 0.8555(6) 0.0394(15) Uani 1 1 d . . .  
H19 H 0.5704 0.7322 0.8681 0.047 Uiso 1 1 calc R . .  
C20 C 0.7274(6) 0.7884(3) 0.8650(6) 0.0443(16) Uani 1 1 d . . .  
H20 H 0.6936 0.8330 0.8833 0.053 Uiso 1 1 calc R . .  
C21 C 0.8508(6) 0.7842(3) 0.8479(6) 0.0439(16) Uani 1 1 d . . .  
H21 H 0.9014 0.8255 0.8571 0.053 Uiso 1 1 calc R . .  
C22 C 0.8982(5) 0.7197(3) 0.8177(6) 0.0412(15) Uani 1 1 d . . .  
H22 H 0.9815 0.7165 0.8038 0.049 Uiso 1 1 calc R . .  
C23 C 0.8252(5) 0.6592(3) 0.8075(6) 0.0392(15) Uani 1 1 d . . .  
H23 H 0.8589 0.6149 0.7866 0.047 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.024(2) 0.030(2) 0.037(2) 0.0014(17) 0.0023(17) 0.0007(17)  
O2 0.036(2) 0.036(2) 0.040(2) 0.0028(18) 0.0041(18) 0.0001(19)  
O3 0.032(2) 0.029(2) 0.053(2) 0.0018(19) -0.0007(19) 0.0042(19)  
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C1 0.019(3) 0.036(4) 0.028(3) 0.001(3) 0.009(3) -0.001(3)  
C2 0.028(3) 0.036(4) 0.033(3) -0.005(3) 0.010(3) -0.006(3)  
C3 0.034(4) 0.038(4) 0.033(3) -0.003(3) 0.012(3) 0.003(3)  
C4 0.025(3) 0.042(4) 0.032(3) -0.002(3) 0.003(3) -0.002(3)  
C5 0.028(3) 0.031(4) 0.042(3) -0.004(3) 0.009(3) -0.005(3)  
C6 0.028(3) 0.032(4) 0.034(3) -0.002(3) 0.004(3) -0.002(3)  
C7 0.029(3) 0.038(4) 0.028(3) -0.001(3) 0.009(3) 0.003(3)  
C8 0.019(3) 0.030(3) 0.031(3) -0.003(3) 0.006(2) -0.001(3)  
C9 0.024(3) 0.035(4) 0.038(3) -0.007(3) 0.007(3) -0.003(3)  
C10 0.019(3) 0.040(4) 0.036(3) 0.004(3) 0.011(3) 0.000(3)  
C11 0.037(4) 0.031(4) 0.035(3) -0.001(3) 0.012(3) 0.003(3)  
C12 0.030(3) 0.042(4) 0.033(3) -0.001(3) 0.000(3) 0.008(3)  
C13 0.018(3) 0.045(4) 0.041(3) -0.004(3) -0.001(3) -0.005(3)  
C14 0.028(3) 0.036(4) 0.035(3) -0.003(3) 0.002(3) -0.008(3)  
C15 0.029(3) 0.029(3) 0.035(3) -0.005(3) 0.009(3) 0.000(3)  
C16 0.026(3) 0.030(4) 0.036(3) -0.004(3) 0.006(3) -0.003(3)  
C17 0.026(3) 0.032(4) 0.035(3) -0.003(3) 0.010(3) 0.002(3)  
C18 0.032(4) 0.034(4) 0.029(3) 0.004(2) 0.000(3) -0.009(3)  
C19 0.033(3) 0.038(4) 0.043(3) 0.000(3) 0.004(3) 0.002(3)  
C20 0.044(4) 0.031(4) 0.049(4) -0.001(3) -0.002(3) -0.008(3)  
C21 0.037(4) 0.037(4) 0.048(4) 0.004(3) -0.005(3) -0.012(3)  
C22 0.032(3) 0.050(4) 0.039(3) 0.004(3) 0.005(3) -0.015(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C17 1.374(6) . ?  
O1 C1 1.379(5) . ?  
O2 C3 1.275(6) . ?  
O3 C11 1.351(6) . ?  
O3 H3 0.8400 . ?  
C1 C2 1.342(6) . ?  
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C1 C6 1.441(7) . ?  
C2 C3 1.435(6) . ?  
C2 H2 0.9500 . ?  
C3 C4 1.460(7) . ?  
C4 C5 1.353(7) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.447(6) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.364(6) . ?  
C7 C8 1.452(6) . ?  
C7 C18 1.484(7) . ?  
C8 C9 1.391(6) . ?  
C8 C17 1.410(6) . ?  
C9 C10 1.405(6) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.426(7) . ?  
C10 C15 1.428(7) . ?  
C11 C12 1.374(7) . ?  
C12 C13 1.397(7) . ?  
C12 H12 0.9500 . ?  
C13 C14 1.365(7) . ?  
C13 H13 0.9500 . ?  
C14 C15 1.411(6) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.417(6) . ?  
C16 C17 1.365(6) . ?  
C16 H16 0.9500 . ?  
C18 C19 1.394(7) . ?  
C18 C23 1.401(7) . ?  
C19 C20 1.379(7) . ?  
C19 H19 0.9500 . ?  
C20 C21 1.396(7) . ?  
C20 H20 0.9500 . ?  
C21 C22 1.375(7) . ?  
C21 H21 0.9500 . ?  
C22 C23 1.386(7) . ?  
C22 H22 0.9500 . ?  
C23 H23 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
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 _geom_angle_publ_flag  
C17 O1 C1 120.4(4) . . ?  
C11 O3 H3 109.5 . . ?  
C2 C1 O1 116.7(5) . . ?  
C2 C1 C6 124.2(5) . . ?  
O1 C1 C6 119.1(5) . . ?  
C1 C2 C3 120.2(5) . . ?  
C1 C2 H2 119.9 . . ?  
C3 C2 H2 119.9 . . ?  
O2 C3 C2 123.6(5) . . ?  
O2 C3 C4 119.1(5) . . ?  
C2 C3 C4 117.3(5) . . ?  
C5 C4 C3 121.1(5) . . ?  
C5 C4 H4 119.5 . . ?  
C3 C4 H4 119.5 . . ?  
C4 C5 C6 122.1(5) . . ?  
C4 C5 H5 119.0 . . ?  
C6 C5 H5 119.0 . . ?  
C7 C6 C1 122.0(4) . . ?  
C7 C6 C5 122.9(5) . . ?  
C1 C6 C5 115.1(5) . . ?  
C6 C7 C8 117.7(5) . . ?  
C6 C7 C18 121.8(4) . . ?  
C8 C7 C18 120.4(5) . . ?  
C9 C8 C17 117.6(5) . . ?  
C9 C8 C7 123.2(5) . . ?  
C17 C8 C7 119.2(5) . . ?  
C8 C9 C10 121.6(5) . . ?  
C8 C9 H9 119.2 . . ?  
C10 C9 H9 119.2 . . ?  
C9 C10 C11 121.0(5) . . ?  
C9 C10 C15 119.9(5) . . ?  
C11 C10 C15 119.1(5) . . ?  
O3 C11 C12 124.0(5) . . ?  
O3 C11 C10 116.0(5) . . ?  
C12 C11 C10 120.0(5) . . ?  
C11 C12 C13 119.7(5) . . ?  
C11 C12 H12 120.1 . . ?  
C13 C12 H12 120.1 . . ?  
C14 C13 C12 122.5(5) . . ?  
C14 C13 H13 118.8 . . ?  
C12 C13 H13 118.8 . . ?  
C13 C14 C15 119.4(5) . . ?  
C13 C14 H14 120.3 . . ?  
C15 C14 H14 120.3 . . ?  
C14 C15 C16 123.0(5) . . ?  
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C14 C15 C10 119.2(5) . . ?  
C16 C15 C10 117.8(5) . . ?  
C17 C16 C15 120.7(5) . . ?  
C17 C16 H16 119.7 . . ?  
C15 C16 H16 119.7 . . ?  
C16 C17 O1 116.1(5) . . ?  
C16 C17 C8 122.5(5) . . ?  
O1 C17 C8 121.4(4) . . ?  
C19 C18 C23 118.6(5) . . ?  
C19 C18 C7 122.2(5) . . ?  
C23 C18 C7 119.1(5) . . ?  
C20 C19 C18 120.2(6) . . ?  
C20 C19 H19 119.9 . . ?  
C18 C19 H19 119.9 . . ?  
C19 C20 C21 120.8(6) . . ?  
C19 C20 H20 119.6 . . ?  
C21 C20 H20 119.6 . . ?  
C22 C21 C20 119.3(6) . . ?  
C22 C21 H21 120.3 . . ?  
C20 C21 H21 120.3 . . ?  
C21 C22 C23 120.4(6) . . ?  
C21 C22 H22 119.8 . . ?  
C23 C22 H22 119.8 . . ?  
C22 C23 C18 120.6(6) . . ?  
C22 C23 H23 119.7 . . ?  
C18 C23 H23 119.7 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C17 O1 C1 C2 179.3(4) . . . . ?  
C17 O1 C1 C6 -0.3(6) . . . . ?  
O1 C1 C2 C3 -179.9(4) . . . . ?  
C6 C1 C2 C3 -0.4(7) . . . . ?  
C1 C2 C3 O2 -178.2(5) . . . . ?  
C1 C2 C3 C4 3.1(7) . . . . ?  
O2 C3 C4 C5 178.3(5) . . . . ?  
C2 C3 C4 C5 -2.9(7) . . . . ?  
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C3 C4 C5 C6 -0.1(8) . . . . ?  
C2 C1 C6 C7 176.5(5) . . . . ?  
O1 C1 C6 C7 -3.9(7) . . . . ?  
C2 C1 C6 C5 -2.6(7) . . . . ?  
O1 C1 C6 C5 177.0(4) . . . . ?  
C4 C5 C6 C7 -176.3(5) . . . . ?  
C4 C5 C6 C1 2.8(7) . . . . ?  
C1 C6 C7 C8 5.6(7) . . . . ?  
C5 C6 C7 C8 -175.4(5) . . . . ?  
C1 C6 C7 C18 -172.5(5) . . . . ?  
C5 C6 C7 C18 6.5(8) . . . . ?  
C6 C7 C8 C9 176.5(5) . . . . ?  
C18 C7 C8 C9 -5.4(7) . . . . ?  
C6 C7 C8 C17 -3.3(7) . . . . ?  
C18 C7 C8 C17 174.8(5) . . . . ?  
C17 C8 C9 C10 1.1(7) . . . . ?  
C7 C8 C9 C10 -178.7(5) . . . . ?  
C8 C9 C10 C11 177.8(5) . . . . ?  
C8 C9 C10 C15 -1.6(7) . . . . ?  
C9 C10 C11 O3 0.2(7) . . . . ?  
C15 C10 C11 O3 179.6(5) . . . . ?  
C9 C10 C11 C12 179.2(5) . . . . ?  
C15 C10 C11 C12 -1.5(7) . . . . ?  
O3 C11 C12 C13 179.5(5) . . . . ?  
C10 C11 C12 C13 0.7(8) . . . . ?  
C11 C12 C13 C14 0.6(8) . . . . ?  
C12 C13 C14 C15 -1.2(8) . . . . ?  
C13 C14 C15 C16 -179.9(5) . . . . ?  
C13 C14 C15 C10 0.4(7) . . . . ?  
C9 C10 C15 C14 -179.7(5) . . . . ?  
C11 C10 C15 C14 0.9(7) . . . . ?  
C9 C10 C15 C16 0.6(7) . . . . ?  
C11 C10 C15 C16 -178.8(5) . . . . ?  
C14 C15 C16 C17 -178.8(5) . . . . ?  
C10 C15 C16 C17 0.9(7) . . . . ?  
C15 C16 C17 O1 179.5(4) . . . . ?  
C15 C16 C17 C8 -1.5(8) . . . . ?  
C1 O1 C17 C16 -178.4(4) . . . . ?  
C1 O1 C17 C8 2.5(7) . . . . ?  
C9 C8 C17 C16 0.5(7) . . . . ?  
C7 C8 C17 C16 -179.7(5) . . . . ?  
C9 C8 C17 O1 179.5(4) . . . . ?  
C7 C8 C17 O1 -0.7(7) . . . . ?  
C6 C7 C18 C19 -122.5(6) . . . . ?  
C8 C7 C18 C19 59.5(7) . . . . ?  
C6 C7 C18 C23 59.6(7) . . . . ?  
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C8 C7 C18 C23 -118.4(5) . . . . ?  
C23 C18 C19 C20 -0.8(7) . . . . ?  
C7 C18 C19 C20 -178.7(4) . . . . ?  
C18 C19 C20 C21 -0.4(7) . . . . ?  
C19 C20 C21 C22 1.4(8) . . . . ?  
C20 C21 C22 C23 -1.2(7) . . . . ?  
C21 C22 C23 C18 0.0(7) . . . . ?  
C19 C18 C23 C22 1.0(7) . . . . ?  
C7 C18 C23 C22 178.9(4) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O3 H3 O2  0.84 1.74 2.577(5) 173.9 2_656  
  
_diffrn_measured_fraction_theta_max    0.994  
_diffrn_reflns_theta_full              25.0  
_diffrn_measured_fraction_theta_full   0.999  
_refine_diff_density_max    0.26  
_refine_diff_density_min   -0.25 
_refine_diff_density_rms    0.062  




Figure B21.  Crystal structure of compound SNAFR-2. 
 
Table  B21.  CIF data for compound SNAFR-2. 
data_SNAFR-2 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety    'C23 H14 O3, 0.5 (C H4 O)'  
_chemical_formula_sum    'C23.50 H16 O3.50'  
_chemical_formula_weight          354.36  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
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 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P 21/c        ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    5.876(4)  
_cell_length_b                    20.129(15)  
_cell_length_c                    14.512(13)  
_cell_angle_alpha                 90 
_cell_angle_beta                  100.05(3)  
_cell_angle_gamma                 90 
_cell_volume                      1690(2)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     115 
_cell_measurement_reflns_used     2258 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        23.0 
  
_exptl_crystal_description        fragment 
_exptl_crystal_colour             red 
_exptl_crystal_size_max           0.05  
_exptl_crystal_size_mid           0.05  
_exptl_crystal_size_min           0.03  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.393  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              740  
_exptl_absorpt_coefficient_mu     0.093  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 
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 ?  
;  
  
_diffrn_ambient_temperature       115  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             7643 
_diffrn_reflns_av_R_equivalents   0.092  
_diffrn_reflns_av_sigmaI/netI     0.1306  
_diffrn_reflns_limit_h_min        -6  
_diffrn_reflns_limit_h_max        6  
_diffrn_reflns_limit_k_min        -19  
_diffrn_reflns_limit_k_max        22  
_diffrn_reflns_limit_l_min        -15  
_diffrn_reflns_limit_l_max        15  
_diffrn_reflns_theta_min          2.8  
_diffrn_reflns_theta_max          23.0  
_reflns_number_total              2329  
_reflns_number_gt                 1061  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection  'COLLECT (Nonius, 2000)' 
_computing_data_reduction  'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_cell_refinement    'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_structure_solution   'Direct_methods (SIR, Altomare et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics           'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
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 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0519P)^2^+1.6527P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          2329  
_refine_ls_number_parameters      254  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.198  
_refine_ls_R_factor_gt            0.082  
_refine_ls_wR_factor_ref          0.186  
_refine_ls_wR_factor_gt           0.146  
_refine_ls_goodness_of_fit_ref    1.062  
_refine_ls_restrained_S_all       1.062  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1 O 0.4761(7) 0.28124(18) 0.3266(3) 0.0363(11) Uani 1 1 d . . .  
O2 O -0.2611(7) 0.27371(19) 0.1417(3) 0.0446(12) Uani 1 1 d . . .  
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O3 O 1.4036(8) 0.1620(2) 0.5412(3) 0.0508(13) Uani 1 1 d . . .  
H3 H 1.4995 0.1839 0.5791 0.076 Uiso 1 1 calc R . .  
C1 C 0.2952(11) 0.3138(3) 0.2743(4) 0.0328(16) Uani 1 1 d . . .  
C2 C 0.1115(11) 0.2764(3) 0.2331(4) 0.0342(15) Uani 1 1 d . . .  
H2 H 0.1149 0.2296 0.2408 0.041 Uiso 1 1 calc R . .  
C3 C -0.0828(12) 0.3069(3) 0.1793(4) 0.0374(17) Uani 1 1 d . . .  
C4 C -0.0735(11) 0.3781(3) 0.1640(4) 0.0413(18) Uani 1 1 d . . .  
H4 H -0.1969 0.3994 0.1238 0.050 Uiso 1 1 calc R . .  
C5 C 0.1082(11) 0.4142(3) 0.2062(4) 0.0369(17) Uani 1 1 d . . .  
H5 H 0.1087 0.4608 0.1956 0.044 Uiso 1 1 calc R . .  
C6 C 0.3006(11) 0.3847(3) 0.2666(4) 0.0329(17) Uani 1 1 d . . .  
C7 C 0.4824(11) 0.4192(3) 0.3167(5) 0.0333(16) Uani 1 1 d . . .  
C8 C 0.6688(11) 0.3845(3) 0.3722(4) 0.0295(16) Uani 1 1 d . . .  
C9 C 0.8707(11) 0.4150(3) 0.4262(4) 0.0389(17) Uani 1 1 d . . .  
H9 H 0.8802 0.4621 0.4290 0.047 Uiso 1 1 calc R . .  
C10 C 1.0469(11) 0.3786(3) 0.4729(4) 0.0375(17) Uani 1 1 d . . .  
H10 H 1.1757 0.4005 0.5089 0.045 Uiso 1 1 calc R . .  
C11 C 1.0426(11) 0.3082(3) 0.4690(4) 0.0330(16) Uani 1 1 d . . .  
C12 C 1.2318(11) 0.2697(3) 0.5112(4) 0.0393(17) Uani 1 1 d . . .  
H12 H 1.3650 0.2909 0.5451 0.047 Uiso 1 1 calc R . .  
C13 C 1.2260(11) 0.2019(3) 0.5039(5) 0.0378(16) Uani 1 1 d . . .  
C14 C 1.0295(10) 0.1690(3) 0.4556(4) 0.0387(17) Uani 1 1 d . . .  
H14 H 1.0284 0.1219 0.4507 0.046 Uiso 1 1 calc R . .  
C15 C 0.8398(11) 0.2049(3) 0.4157(4) 0.0388(17) Uani 1 1 d . . .  
H15 H 0.7057 0.1826 0.3847 0.047 Uiso 1 1 calc R . .  
C16 C 0.8420(10) 0.2753(3) 0.4204(4) 0.0298(15) Uani 1 1 d . . .  
C17 C 0.6592(11) 0.3155(3) 0.3740(4) 0.0312(16) Uani 1 1 d . . .  
C18 C 0.4890(11) 0.4942(3) 0.3117(4) 0.0344(15) Uani 1 1 d . . .  
C19 C 0.3466(11) 0.5324(3) 0.3553(5) 0.0488(19) Uani 1 1 d . . .  
H19 H 0.2485 0.5113 0.3920 0.059 Uiso 1 1 calc R . .  
C20 C 0.3420(12) 0.6006(3) 0.3472(5) 0.0483(19) Uani 1 1 d . . .  
H20 H 0.2418 0.6263 0.3779 0.058 Uiso 1 1 calc R . .  
C21 C 0.4844(11) 0.6312(3) 0.2940(4) 0.0402(17) Uani 1 1 d . . .  
H21 H 0.4814 0.6781 0.2869 0.048 Uiso 1 1 calc R . .  
C22 C 0.6291(13) 0.5939(3) 0.2517(5) 0.061(2) Uani 1 1 d . . .  
H22 H 0.7299 0.6149 0.2161 0.073 Uiso 1 1 calc R . .  
C23 C 0.6306(13) 0.5258(3) 0.2601(6) 0.066(2) Uani 1 1 d . . .  
H23 H 0.7315 0.5004 0.2295 0.079 Uiso 1 1 calc R . .  
O1S O 0.397(3) 0.0028(16) 0.514(2) 0.198(13) Uani 0.50 1 d P . .  
C1S C 0.220(7) 0.0144(11) 0.478(3) 0.21(2) Uani 0.50 1 d P . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
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 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1 0.034(3) 0.032(2) 0.041(3) 0.000(2) 0.001(2) -0.002(2)  
O2 0.039(3) 0.039(3) 0.055(3) -0.001(2) 0.004(2) -0.010(2)  
O3 0.049(3) 0.045(3) 0.055(4) 0.000(2) 0.001(2) 0.007(3)  
C1 0.025(4) 0.039(4) 0.034(4) 0.000(3) 0.004(3) 0.001(3)  
C2 0.039(4) 0.030(4) 0.033(4) 0.000(3) 0.005(3) 0.002(4)  
C3 0.037(5) 0.034(4) 0.043(5) -0.006(3) 0.013(4) -0.008(3)  
C4 0.044(5) 0.036(4) 0.045(5) -0.001(3) 0.011(4) -0.002(3)  
C5 0.036(5) 0.027(4) 0.049(5) -0.009(3) 0.013(4) -0.004(3)  
C6 0.030(5) 0.025(4) 0.043(4) -0.003(3) 0.006(4) -0.001(3)  
C7 0.028(4) 0.029(3) 0.045(4) 0.001(3) 0.013(3) -0.002(3)  
C8 0.037(5) 0.023(4) 0.027(4) -0.001(3) 0.005(3) 0.000(3)  
C9 0.049(5) 0.025(3) 0.045(4) -0.011(3) 0.014(4) -0.012(3)  
C10 0.033(4) 0.028(4) 0.049(5) 0.008(3) -0.002(3) 0.004(3)  
C11 0.037(4) 0.035(4) 0.029(4) -0.001(3) 0.011(3) 0.000(3)  
C12 0.042(5) 0.038(4) 0.037(4) -0.002(3) 0.005(3) -0.010(4)  
C13 0.031(4) 0.038(4) 0.046(4) 0.001(4) 0.010(3) 0.004(3)  
C14 0.038(5) 0.035(4) 0.043(4) 0.001(3) 0.006(4) 0.001(4)  
C15 0.039(4) 0.038(4) 0.038(4) -0.001(3) 0.002(3) -0.002(3)  
C16 0.036(4) 0.023(3) 0.032(4) -0.002(3) 0.010(3) -0.004(3)  
C17 0.029(4) 0.040(4) 0.026(4) -0.003(3) 0.007(3) -0.009(3)  
C18 0.032(4) 0.038(3) 0.033(4) -0.011(3) 0.004(3) -0.008(3)  
C19 0.050(5) 0.045(4) 0.056(5) 0.001(4) 0.021(4) -0.004(4)  
C20 0.049(5) 0.031(4) 0.065(5) -0.006(4) 0.011(4) 0.002(3)  
C21 0.044(4) 0.025(3) 0.048(5) 0.005(3) -0.004(4) -0.004(3)  
C22 0.077(6) 0.035(4) 0.081(6) 0.000(4) 0.044(5) -0.004(4)  
C23 0.079(6) 0.030(4) 0.105(7) -0.007(4) 0.062(5) -0.006(4)  
O1S 0.15(3) 0.24(2) 0.19(2) -0.077(18) 0.00(2) -0.06(3)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
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 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1 C17 1.360(7) . ?  
O1 C1 1.362(7) . ?  
O2 C3 1.282(7) . ?  
O3 C13 1.353(7) . ?  
O3 H3 0.8400 . ?  
C1 C2 1.365(8) . ?  
C1 C6 1.432(8) . ?  
C2 C3 1.406(8) . ?  
C2 H2 0.9500 . ?  
C3 C4 1.452(8) . ?  
C4 C5 1.348(8) . ?  
C4 H4 0.9500 . ?  
C5 C6 1.433(8) . ?  
C5 H5 0.9500 . ?  
C6 C7 1.372(8) . ?  
C7 C8 1.425(8) . ?  
C7 C18 1.511(7) . ?  
C8 C17 1.390(8) . ?  
C8 C9 1.440(8) . ?  
C9 C10 1.350(8) . ?  
C9 H9 0.9500 . ?  
C10 C11 1.418(7) . ?  
C10 H10 0.9500 . ?  
C11 C12 1.405(8) . ?  
C11 C16 1.427(8) . ?  
C12 C13 1.369(7) . ?  
C12 H12 0.9500 . ?  
C13 C14 1.408(8) . ?  
C14 C15 1.370(8) . ?  
C14 H14 0.9500 . ?  
C15 C16 1.418(8) . ?  
C15 H15 0.9500 . ?  
C16 C17 1.418(8) . ?  
C18 C19 1.370(8) . ?  
C18 C23 1.370(8) . ?  
C19 C20 1.379(8) . ?  
C19 H19 0.9500 . ?  
C20 C21 1.379(8) . ?  
C20 H20 0.9500 . ?  
C21 C22 1.359(8) . ?  
C21 H21 0.9500 . ?  
C22 C23 1.374(8) . ?  
C22 H22 0.9500 . ?  
C23 H23 0.9500 . ?  
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O1S C1S 1.11(4) . ?  
O1S O1S 1.35(4) 3_656 ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C17 O1 C1 120.6(5) . . ?  
C13 O3 H3 109.5 . . ?  
O1 C1 C2 117.3(6) . . ?  
O1 C1 C6 119.8(6) . . ?  
C2 C1 C6 122.8(6) . . ?  
C1 C2 C3 120.4(6) . . ?  
C1 C2 H2 119.8 . . ?  
C3 C2 H2 119.8 . . ?  
O2 C3 C2 122.2(6) . . ?  
O2 C3 C4 119.9(6) . . ?  
C2 C3 C4 117.8(6) . . ?  
C5 C4 C3 120.7(6) . . ?  
C5 C4 H4 119.6 . . ?  
C3 C4 H4 119.6 . . ?  
C4 C5 C6 122.1(6) . . ?  
C4 C5 H5 118.9 . . ?  
C6 C5 H5 118.9 . . ?  
C7 C6 C1 119.3(6) . . ?  
C7 C6 C5 124.9(6) . . ?  
C1 C6 C5 115.8(6) . . ?  
C6 C7 C8 120.1(5) . . ?  
C6 C7 C18 120.3(6) . . ?  
C8 C7 C18 119.6(6) . . ?  
C17 C8 C7 118.1(6) . . ?  
C17 C8 C9 116.6(6) . . ?  
C7 C8 C9 125.3(6) . . ?  
C10 C9 C8 121.9(6) . . ?  
C10 C9 H9 119.0 . . ?  
C8 C9 H9 119.0 . . ?  
C9 C10 C11 121.0(6) . . ?  
C9 C10 H10 119.5 . . ?  
C11 C10 H10 119.5 . . ?  
C12 C11 C10 121.8(6) . . ?  
C12 C11 C16 118.8(5) . . ?  
C10 C11 C16 119.4(6) . . ?  
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C13 C12 C11 120.6(6) . . ?  
C13 C12 H12 119.7 . . ?  
C11 C12 H12 119.7 . . ?  
O3 C13 C12 123.6(6) . . ?  
O3 C13 C14 115.4(5) . . ?  
C12 C13 C14 121.0(6) . . ?  
C15 C14 C13 119.8(6) . . ?  
C15 C14 H14 120.1 . . ?  
C13 C14 H14 120.1 . . ?  
C14 C15 C16 120.5(6) . . ?  
C14 C15 H15 119.7 . . ?  
C16 C15 H15 119.7 . . ?  
C15 C16 C17 123.2(6) . . ?  
C15 C16 C11 119.2(6) . . ?  
C17 C16 C11 117.5(5) . . ?  
O1 C17 C8 121.9(6) . . ?  
O1 C17 C16 114.6(5) . . ?  
C8 C17 C16 123.3(6) . . ?  
C19 C18 C23 118.0(6) . . ?  
C19 C18 C7 121.0(6) . . ?  
C23 C18 C7 120.9(6) . . ?  
C18 C19 C20 121.6(6) . . ?  
C18 C19 H19 119.2 . . ?  
C20 C19 H19 119.2 . . ?  
C19 C20 C21 119.2(6) . . ?  
C19 C20 H20 120.4 . . ?  
C21 C20 H20 120.4 . . ?  
C22 C21 C20 119.6(6) . . ?  
C22 C21 H21 120.2 . . ?  
C20 C21 H21 120.2 . . ?  
C21 C22 C23 120.4(7) . . ?  
C21 C22 H22 119.8 . . ?  
C23 C22 H22 119.8 . . ?  
C18 C23 C22 121.1(6) . . ?  
C18 C23 H23 119.4 . . ?  
C22 C23 H23 119.4 . . ?  
C1S O1S O1S 134(5) . 3_656 ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
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 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C17 O1 C1 C2 -176.3(5) . . . . ?  
C17 O1 C1 C6 1.9(8) . . . . ?  
O1 C1 C2 C3 179.0(5) . . . . ?  
C6 C1 C2 C3 0.8(9) . . . . ?  
C1 C2 C3 O2 -178.0(6) . . . . ?  
C1 C2 C3 C4 4.2(9) . . . . ?  
O2 C3 C4 C5 177.1(6) . . . . ?  
C2 C3 C4 C5 -5.1(9) . . . . ?  
C3 C4 C5 C6 0.8(9) . . . . ?  
O1 C1 C6 C7 -3.8(9) . . . . ?  
C2 C1 C6 C7 174.3(6) . . . . ?  
O1 C1 C6 C5 176.9(5) . . . . ?  
C2 C1 C6 C5 -5.0(9) . . . . ?  
C4 C5 C6 C7 -175.2(6) . . . . ?  
C4 C5 C6 C1 4.1(9) . . . . ?  
C1 C6 C7 C8 2.9(9) . . . . ?  
C5 C6 C7 C8 -177.8(6) . . . . ?  
C1 C6 C7 C18 -178.4(6) . . . . ?  
C5 C6 C7 C18 0.8(9) . . . . ?  
C6 C7 C8 C17 -0.3(9) . . . . ?  
C18 C7 C8 C17 -178.9(5) . . . . ?  
C6 C7 C8 C9 178.7(6) . . . . ?  
C18 C7 C8 C9 0.1(9) . . . . ?  
C17 C8 C9 C10 2.9(9) . . . . ?  
C7 C8 C9 C10 -176.1(6) . . . . ?  
C8 C9 C10 C11 1.4(10) . . . . ?  
C9 C10 C11 C12 175.0(6) . . . . ?  
C9 C10 C11 C16 -4.4(10) . . . . ?  
C10 C11 C12 C13 -177.9(6) . . . . ?  
C16 C11 C12 C13 1.6(9) . . . . ?  
C11 C12 C13 O3 178.7(6) . . . . ?  
C11 C12 C13 C14 -1.2(10) . . . . ?  
O3 C13 C14 C15 179.6(6) . . . . ?  
C12 C13 C14 C15 -0.5(9) . . . . ?  
C13 C14 C15 C16 1.8(9) . . . . ?  
C14 C15 C16 C17 174.5(6) . . . . ?  
C14 C15 C16 C11 -1.4(9) . . . . ?  
C12 C11 C16 C15 -0.3(9) . . . . ?  
C10 C11 C16 C15 179.2(5) . . . . ?  
C12 C11 C16 C17 -176.4(5) . . . . ?  
C10 C11 C16 C17 3.1(9) . . . . ?  
C1 O1 C17 C8 0.8(8) . . . . ?  
C1 O1 C17 C16 -176.0(5) . . . . ?  
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C7 C8 C17 O1 -1.7(9) . . . . ?  
C9 C8 C17 O1 179.3(5) . . . . ?  
C7 C8 C17 C16 174.8(5) . . . . ?  
C9 C8 C17 C16 -4.3(9) . . . . ?  
C15 C16 C17 O1 2.1(8) . . . . ?  
C11 C16 C17 O1 178.1(5) . . . . ?  
C15 C16 C17 C8 -174.6(5) . . . . ?  
C11 C16 C17 C8 1.4(9) . . . . ?  
C6 C7 C18 C19 73.3(8) . . . . ?  
C8 C7 C18 C19 -108.1(7) . . . . ?  
C6 C7 C18 C23 -103.9(8) . . . . ?  
C8 C7 C18 C23 74.7(9) . . . . ?  
C23 C18 C19 C20 0.7(11) . . . . ?  
C7 C18 C19 C20 -176.5(6) . . . . ?  
C18 C19 C20 C21 -0.1(11) . . . . ?  
C19 C20 C21 C22 -1.0(10) . . . . ?  
C20 C21 C22 C23 1.4(11) . . . . ?  
C19 C18 C23 C22 -0.4(12) . . . . ?  
C7 C18 C23 C22 176.9(7) . . . . ?  
C21 C22 C23 C18 -0.7(13) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O3 H3 O2  0.84 1.76 2.584(6) 168.0 4_766  
  
_diffrn_measured_fraction_theta_max    0.990  
_diffrn_reflns_theta_full              23.0  
_diffrn_measured_fraction_theta_full   0.990  
_refine_diff_density_max    0.29  
_refine_diff_density_min   -0.22  
_refine_diff_density_rms    0.054  




Figure B22.  Crystal structure of compound SNAFR-4. 
 
Table  B22.  CIF data for compound SNAFR-4. 
data_Yyang42 
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             ?  
_chemical_melting_point           ?  
_chemical_compound_source          'local laboratory' 
_chemical_formula_moiety     'C23 H14 O3'  
_chemical_formula_sum        'C23 H14 O3'  
_chemical_formula_weight          338.34  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
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 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_space_group_name_H-M 'P -1          ' 




 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    10.8226(17)  
_cell_length_b                    12.946(2)  
_cell_length_c                    13.127(3)  
_cell_angle_alpha                 72.098(12)  
_cell_angle_beta                  66.484(12)  
_cell_angle_gamma                 77.942(13)  
_cell_volume                      1597.0(5)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     90 
_cell_measurement_reflns_used     6357 
_cell_measurement_theta_min        2.5 
_cell_measurement_theta_max        26.3 
  
_exptl_crystal_description        plate 
_exptl_crystal_colour             orange 
_exptl_crystal_size_max           0.20  
_exptl_crystal_size_mid           0.16  
_exptl_crystal_size_min           0.07  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.407  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              704  
_exptl_absorpt_coefficient_mu     0.093  
_exptl_absorpt_correction_type    none 
_exptl_absorpt_correction_T_min   ? 
_exptl_absorpt_correction_T_max   ? 




 ?  
;  
  
_diffrn_ambient_temperature       90 
_diffrn_radiation_wavelength      0.71073  
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_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device  'KappaCCD (with Oxford Cryostream)' 
_diffrn_measurement_method       ' \w scans with \k offsets' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          0  
_diffrn_standards_interval_count  ?  
_diffrn_standards_interval_time   ?  
_diffrn_standards_decay_%         <2  
_diffrn_reflns_number             27968 
_diffrn_reflns_av_R_equivalents   0.055  
_diffrn_reflns_av_sigmaI/netI     0.0872  
_diffrn_reflns_limit_h_min        -13  
_diffrn_reflns_limit_h_max        13  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        16  
_diffrn_reflns_limit_l_min        -16  
_diffrn_reflns_limit_l_max        16  
_diffrn_reflns_theta_min          2.7  
_diffrn_reflns_theta_max          26.4  
_reflns_number_total              6534  
_reflns_number_gt                 3755  
_reflns_threshold_expression      I>2\s(I)  
  
_computing_data_collection  'COLLECT (Nonius, 2000)' 
_computing_data_reduction  'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_cell_refinement    'Denzo and Scalepack (Otwinowski & Minor, 1997)'  
_computing_structure_solution   'Direct_methods (SIR, Altomare et al., 1999)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics           'ORTEP-3 for Windows (Farrugia, 1997)' 




 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
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_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.0571P)^2^] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0086(11)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^\l^3^/sin(2\q)]^-1/4^'  
_refine_ls_number_reflns          6534  
_refine_ls_number_parameters      472  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.117  
_refine_ls_R_factor_gt            0.053  
_refine_ls_wR_factor_ref          0.127  
_refine_ls_wR_factor_gt           0.105  
_refine_ls_goodness_of_fit_ref    0.997  
_refine_ls_restrained_S_all       0.997  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
O1A O 0.64548(15) 0.38771(12) 0.52018(13) 0.0301(4) Uani 1 1 d . . .  
O2A O 1.04976(16) 0.51520(14) 0.23950(14) 0.0436(5) Uani 1 1 d . . .  
O3A O 0.23222(17) 0.57640(13) 1.03439(14) 0.0368(4) Uani 1 1 d . . .  
H3A H 0.1643 0.5596 1.0942 0.055 Uiso 1 1 calc R . .  
C1A C 0.7442(2) 0.45667(18) 0.4801(2) 0.0276(6) Uani 1 1 d . . .  
C2A C 0.8525(2) 0.44550(18) 0.3829(2) 0.0309(6) Uani 1 1 d . . .  
H2A H 0.8611 0.3876 0.3495 0.037 Uiso 1 1 calc R . .  
C3A C 0.9519(2) 0.52038(19) 0.3321(2) 0.0320(6) Uani 1 1 d . . .  
C4A C 0.9367(2) 0.60301(19) 0.3908(2) 0.0357(6) Uani 1 1 d . . .  
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H4A H 1.0039 0.6523 0.3604 0.043 Uiso 1 1 calc R . .  
C5A C 0.8302(2) 0.61211(19) 0.4871(2) 0.0343(6) Uani 1 1 d . . .  
H5A H 0.8234 0.6685 0.5219 0.041 Uiso 1 1 calc R . .  
C6A C 0.7267(2) 0.53869(17) 0.53851(19) 0.0262(5) Uani 1 1 d . . .  
C7A C 0.6130(2) 0.54698(17) 0.63440(19) 0.0242(5) Uani 1 1 d . . .  
C8A C 0.5123(2) 0.47099(17) 0.67844(19) 0.0236(5) Uani 1 1 d . . .  
C9A C 0.3918(2) 0.46505(17) 0.78322(19) 0.0242(5) Uani 1 1 d . . .  
C10A C 0.3638(2) 0.52550(17) 0.86459(19) 0.0269(5) Uani 1 1 d . . .  
H10A H 0.4246 0.5758 0.8510 0.032 Uiso 1 1 calc R . .  
C11A C 0.2501(2) 0.51272(18) 0.9631(2) 0.0276(5) Uani 1 1 d . . .  
C12A C 0.1593(2) 0.43785(18) 0.9876(2) 0.0299(6) Uani 1 1 d . . .  
H12A H 0.0819 0.4288 1.0563 0.036 Uiso 1 1 calc R . .  
C13A C 0.1840(2) 0.37883(18) 0.9115(2) 0.0297(6) Uani 1 1 d . . .  
H13A H 0.1220 0.3286 0.9275 0.036 Uiso 1 1 calc R . .  
C14A C 0.2988(2) 0.38898(18) 0.8089(2) 0.0265(5) Uani 1 1 d . . .  
C15A C 0.3243(2) 0.32065(18) 0.7349(2) 0.0301(6) Uani 1 1 d . . .  
H15A H 0.2591 0.2730 0.7513 0.036 Uiso 1 1 calc R . .  
C16A C 0.4396(2) 0.32176(17) 0.6413(2) 0.0268(5) Uani 1 1 d . . .  
H16A H 0.4573 0.2733 0.5944 0.032 Uiso 1 1 calc R . .  
C17A C 0.5319(2) 0.39550(17) 0.61534(19) 0.0245(5) Uani 1 1 d . . .  
C18A C 0.5955(2) 0.63963(17) 0.68600(19) 0.0251(5) Uani 1 1 d . . .  
C19A C 0.5016(2) 0.72806(17) 0.67034(19) 0.0272(5) Uani 1 1 d . . .  
H19A H 0.4528 0.7317 0.6229 0.033 Uiso 1 1 calc R . .  
C20A C 0.4785(2) 0.81137(18) 0.7238(2) 0.0307(6) Uani 1 1 d . . .  
H20A H 0.4141 0.8718 0.7129 0.037 Uiso 1 1 calc R . .  
C21A C 0.5492(2) 0.80609(19) 0.7924(2) 0.0334(6) Uani 1 1 d . . .  
H21A H 0.5311 0.8617 0.8311 0.040 Uiso 1 1 calc R . .  
C22A C 0.6471(2) 0.7196(2) 0.8053(2) 0.0364(6) Uani 1 1 d . . .  
H22A H 0.6976 0.7173 0.8509 0.044 Uiso 1 1 calc R . .  
C23A C 0.6707(2) 0.63705(19) 0.7514(2) 0.0301(6) Uani 1 1 d . . .  
H23A H 0.7385 0.5785 0.7592 0.036 Uiso 1 1 calc R . .  
O1B O 0.98637(15) 0.85740(12) 0.61497(13) 0.0271(4) Uani 1 1 d . . .  
O2B O 0.75298(19) 0.91962(14) 0.36627(15) 0.0458(5) Uani 1 1 d . . .  
O3B O 0.70250(14) 0.97824(12) 1.17255(13) 0.0273(4) Uani 1 1 d . . .  
H3B H 0.7191 0.9621 1.2332 0.041 Uiso 1 1 calc R . .  
C1B C 0.8802(2) 0.90963(18) 0.58120(19) 0.0248(5) Uani 1 1 d . . .  
C2B C 0.8725(2) 0.88808(18) 0.4893(2) 0.0307(6) Uani 1 1 d . . .  
H2B H 0.9380 0.8369 0.4525 0.037 Uiso 1 1 calc R . .  
C3B C 0.7668(3) 0.94172(19) 0.4476(2) 0.0327(6) Uani 1 1 d . . .  
C4B C 0.6761(2) 1.02505(19) 0.5036(2) 0.0316(6) Uani 1 1 d . . .  
H4B H 0.6067 1.0650 0.4759 0.038 Uiso 1 1 calc R . .  
C5B C 0.6877(2) 1.04694(18) 0.5928(2) 0.0280(5) Uani 1 1 d . . .  
H5B H 0.6282 1.1034 0.6249 0.034 Uiso 1 1 calc R . .  
C6B C 0.7875(2) 0.98735(17) 0.64086(19) 0.0228(5) Uani 1 1 d . . .  
C7B C 0.7976(2) 0.99827(16) 0.73870(18) 0.0209(5) Uani 1 1 d . . .  
C8B C 0.8942(2) 0.92661(17) 0.78505(19) 0.0213(5) Uani 1 1 d . . .  
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C9B C 0.9013(2) 0.91490(16) 0.89652(19) 0.0209(5) Uani 1 1 d . . .  
C10B C 0.7978(2) 0.95530(17) 0.98533(19) 0.0220(5) Uani 1 1 d . . .  
H10B H 0.7187 0.9949 0.9727 0.026 Uiso 1 1 calc R . .  
C11B C 0.8087(2) 0.93869(17) 1.09056(19) 0.0225(5) Uani 1 1 d . . .  
C12B C 0.9259(2) 0.88186(17) 1.1113(2) 0.0247(5) Uani 1 1 d . . .  
H12B H 0.9342 0.8724 1.1831 0.030 Uiso 1 1 calc R . .  
C13B C 1.0269(2) 0.84086(17) 1.0275(2) 0.0255(5) Uani 1 1 d . . .  
H13B H 1.1061 0.8029 1.0414 0.031 Uiso 1 1 calc R . .  
C14B C 1.0172(2) 0.85322(16) 0.91990(19) 0.0227(5) Uani 1 1 d . . .  
C15B C 1.1185(2) 0.80083(17) 0.8386(2) 0.0276(6) Uani 1 1 d . . .  
H15B H 1.1968 0.7629 0.8541 0.033 Uiso 1 1 calc R . .  
C16B C 1.1058(2) 0.80380(17) 0.7384(2) 0.0272(6) Uani 1 1 d . . .  
H16B H 1.1724 0.7659 0.6857 0.033 Uiso 1 1 calc R . .  
C17B C 0.9925(2) 0.86389(17) 0.71497(19) 0.0231(5) Uani 1 1 d . . .  
C18B C 0.7168(2) 1.09081(17) 0.78973(18) 0.0213(5) Uani 1 1 d . . .  
C19B C 0.5771(2) 1.09588(17) 0.84801(19) 0.0248(5) Uani 1 1 d . . .  
H19B H 0.5273 1.0417 0.8517 0.030 Uiso 1 1 calc R . .  
C20B C 0.5108(2) 1.18057(18) 0.9009(2) 0.0280(6) Uani 1 1 d . . .  
H20B H 0.4160 1.1828 0.9426 0.034 Uiso 1 1 calc R . .  
C21B C 0.5822(2) 1.26149(18) 0.89304(19) 0.0273(6) Uani 1 1 d . . .  
H21B H 0.5366 1.3181 0.9308 0.033 Uiso 1 1 calc R . .  
C22B C 0.7201(2) 1.26028(18) 0.83022(19) 0.0258(5) Uani 1 1 d . . .  
H22B H 0.7684 1.3177 0.8217 0.031 Uiso 1 1 calc R . .  
C23B C 0.7869(2) 1.17464(17) 0.78007(19) 0.0237(5) Uani 1 1 d . . .  
H23B H 0.8817 1.1729 0.7385 0.028 Uiso 1 1 calc R . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
O1A 0.0310(9) 0.0282(9) 0.0261(9) -0.0100(7) -0.0034(8) -0.0018(7)  
O2A 0.0325(10) 0.0567(12) 0.0266(10) -0.0128(9) 0.0045(8) -0.0007(8)  
O3A 0.0386(11) 0.0374(10) 0.0263(10) -0.0132(8) 0.0029(8) -0.0089(8)  
C1A 0.0269(13) 0.0248(12) 0.0258(14) -0.0052(10) -0.0053(11) -0.0021(10)  
C2A 0.0351(14) 0.0279(13) 0.0241(14) -0.0117(11) -0.0038(11) 0.0023(11)  
C3A 0.0272(13) 0.0371(14) 0.0232(14) -0.0076(11) -0.0033(11) 0.0030(11)  
C4A 0.0279(13) 0.0353(14) 0.0358(16) -0.0084(12) -0.0009(12) -0.0086(11)  
C5A 0.0319(14) 0.0304(13) 0.0338(15) -0.0097(11) -0.0020(12) -0.0068(11)  
C6A 0.0263(13) 0.0240(12) 0.0225(13) -0.0085(10) -0.0025(10) 0.0006(10)  
C7A 0.0235(12) 0.0230(12) 0.0234(13) -0.0065(10) -0.0070(10) 0.0018(9)  
C8A 0.0250(12) 0.0222(12) 0.0197(13) -0.0054(10) -0.0056(10) 0.0010(10)  
C9A 0.0270(12) 0.0194(11) 0.0221(13) -0.0028(10) -0.0065(10) -0.0016(9)  
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C10A 0.0269(13) 0.0221(12) 0.0267(14) -0.0065(10) -0.0035(11) -0.0041(10)  
C11A 0.0281(13) 0.0257(12) 0.0234(13) -0.0085(10) -0.0040(11) 0.0018(10)  
C12A 0.0228(12) 0.0340(13) 0.0245(14) -0.0066(11) -0.0001(10) -0.0036(10)  
C13A 0.0261(13) 0.0305(13) 0.0283(14) -0.0048(11) -0.0051(11) -0.0073(10)  
C14A 0.0261(13) 0.0256(12) 0.0242(13) -0.0054(10) -0.0067(11) -0.0013(10)  
C15A 0.0306(13) 0.0271(13) 0.0315(15) -0.0058(11) -0.0098(12) -0.0056(10)  
C16A 0.0354(14) 0.0224(12) 0.0247(14) -0.0073(10) -0.0131(11) -0.0001(10)  
C17A 0.0224(12) 0.0258(12) 0.0182(13) -0.0031(10) -0.0032(10) 0.0003(10)  
C18A 0.0226(12) 0.0253(12) 0.0224(13) -0.0081(10) -0.0004(10) -0.0045(10)  
C19A 0.0286(13) 0.0269(12) 0.0222(13) -0.0069(10) -0.0049(10) -0.0021(10)  
C20A 0.0344(14) 0.0240(12) 0.0255(14) -0.0064(11) -0.0023(11) -0.0033(10)  
C21A 0.0396(15) 0.0272(13) 0.0300(15) -0.0114(11) -0.0030(12) -0.0093(11)  
C22A 0.0324(14) 0.0443(15) 0.0342(15) -0.0136(12) -0.0076(12) -0.0104(12)  
C23A 0.0238(13) 0.0331(13) 0.0296(14) -0.0099(11) -0.0042(11) -0.0024(10)  
O1B 0.0299(9) 0.0291(9) 0.0233(9) -0.0127(7) -0.0061(7) -0.0027(7)  
O2B 0.0774(14) 0.0418(11) 0.0289(11) -0.0095(9) -0.0270(10) -0.0110(9)  
O3B 0.0283(9) 0.0359(9) 0.0205(9) -0.0134(8) -0.0086(7) 0.0004(7)  
C1B 0.0259(12) 0.0265(12) 0.0204(13) -0.0056(10) -0.0036(10) -0.0093(10)  
C2B 0.0412(15) 0.0293(13) 0.0215(14) -0.0091(11) -0.0049(11) -0.0121(11)  
C3B 0.0512(16) 0.0321(14) 0.0192(13) -0.0046(11) -0.0134(12) -0.0147(12)  
C4B 0.0405(15) 0.0336(14) 0.0238(14) -0.0036(11) -0.0150(12) -0.0083(11)  
C5B 0.0322(13) 0.0275(13) 0.0235(14) -0.0044(10) -0.0091(11) -0.0063(10)  
C6B 0.0267(12) 0.0224(12) 0.0176(12) -0.0055(10) -0.0039(10) -0.0068(9)  
C7B 0.0191(11) 0.0208(11) 0.0222(13) -0.0077(9) -0.0031(10) -0.0060(9)  
C8B 0.0190(11) 0.0223(11) 0.0221(13) -0.0071(10) -0.0038(10) -0.0063(9)  
C9B 0.0196(11) 0.0190(11) 0.0244(13) -0.0066(9) -0.0062(10) -0.0045(9)  
C10B 0.0194(11) 0.0243(12) 0.0255(13) -0.0080(10) -0.0099(10) -0.0023(9)  
C11B 0.0228(12) 0.0219(12) 0.0215(13) -0.0074(10) -0.0037(10) -0.0051(9)  
C12B 0.0287(13) 0.0257(12) 0.0248(13) -0.0056(10) -0.0134(11) -0.0067(10)  
C13B 0.0227(12) 0.0240(12) 0.0316(14) -0.0044(10) -0.0135(11) -0.0025(10)  
C14B 0.0210(12) 0.0209(12) 0.0264(13) -0.0069(10) -0.0065(10) -0.0052(9)  
C15B 0.0215(12) 0.0246(12) 0.0339(15) -0.0074(11) -0.0082(11) -0.0001(10)  
C16B 0.0232(13) 0.0240(12) 0.0300(14) -0.0121(11) -0.0027(11) 0.0011(10)  
C17B 0.0259(12) 0.0251(12) 0.0183(13) -0.0070(10) -0.0049(10) -0.0066(10)  
C18B 0.0242(12) 0.0228(12) 0.0174(12) -0.0052(9) -0.0090(10) 0.0000(9)  
C19B 0.0249(13) 0.0268(12) 0.0242(13) -0.0068(10) -0.0098(10) -0.0029(10)  
C20B 0.0227(12) 0.0340(13) 0.0265(14) -0.0091(11) -0.0098(11) 0.0031(10)  
C21B 0.0328(14) 0.0248(12) 0.0237(13) -0.0090(10) -0.0111(11) 0.0048(10)  
C22B 0.0324(13) 0.0225(12) 0.0268(13) -0.0071(10) -0.0155(11) -0.0001(10)  




 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
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 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  




 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
O1A C1A 1.370(3) . ?  
O1A C17A 1.372(3) . ?  
O2A C3A 1.264(3) . ?  
O3A C11A 1.362(3) . ?  
O3A H3A 0.8400 . ?  
C1A C2A 1.369(3) . ?  
C1A C6A 1.432(3) . ?  
C2A C3A 1.416(3) . ?  
C2A H2A 0.9500 . ?  
C3A C4A 1.448(3) . ?  
C4A C5A 1.346(3) . ?  
C4A H4A 0.9500 . ?  
C5A C6A 1.436(3) . ?  
C5A H5A 0.9500 . ?  
C6A C7A 1.379(3) . ?  
C7A C8A 1.444(3) . ?  
C7A C18A 1.495(3) . ?  
C8A C17A 1.399(3) . ?  
C8A C9A 1.464(3) . ?  
C9A C10A 1.415(3) . ?  
C9A C14A 1.427(3) . ?  
C10A C11A 1.377(3) . ?  
C10A H10A 0.9500 . ?  
C11A C12A 1.401(3) . ?  
C12A C13A 1.350(3) . ?  
C12A H12A 0.9500 . ?  
C13A C14A 1.414(3) . ?  
C13A H13A 0.9500 . ?  
C14A C15A 1.419(3) . ?  
C15A C16A 1.357(3) . ?  
C15A H15A 0.9500 . ?  
C16A C17A 1.397(3) . ?  
C16A H16A 0.9500 . ?  
C18A C19A 1.386(3) . ?  
C18A C23A 1.390(3) . ?  
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C19A C20A 1.389(3) . ?  
C19A H19A 0.9500 . ?  
C20A C21A 1.375(3) . ?  
C20A H20A 0.9500 . ?  
C21A C22A 1.391(3) . ?  
C21A H21A 0.9500 . ?  
C22A C23A 1.383(3) . ?  
C22A H22A 0.9500 . ?  
C23A H23A 0.9500 . ?  
O1B C1B 1.368(3) . ?  
O1B C17B 1.369(3) . ?  
O2B C3B 1.255(3) . ?  
O3B C11B 1.359(2) . ?  
O3B H3B 0.8400 . ?  
C1B C2B 1.355(3) . ?  
C1B C6B 1.438(3) . ?  
C2B C3B 1.423(3) . ?  
C2B H2B 0.9500 . ?  
C3B C4B 1.462(3) . ?  
C4B C5B 1.343(3) . ?  
C4B H4B 0.9500 . ?  
C5B C6B 1.434(3) . ?  
C5B H5B 0.9500 . ?  
C6B C7B 1.382(3) . ?  
C7B C8B 1.442(3) . ?  
C7B C18B 1.495(3) . ?  
C8B C17B 1.398(3) . ?  
C8B C9B 1.455(3) . ?  
C9B C10B 1.405(3) . ?  
C9B C14B 1.429(3) . ?  
C10B C11B 1.380(3) . ?  
C10B H10B 0.9500 . ?  
C11B C12B 1.409(3) . ?  
C12B C13B 1.358(3) . ?  
C12B H12B 0.9500 . ?  
C13B C14B 1.416(3) . ?  
C13B H13B 0.9500 . ?  
C14B C15B 1.415(3) . ?  
C15B C16B 1.365(3) . ?  
C15B H15B 0.9500 . ?  
C16B C17B 1.400(3) . ?  
C16B H16B 0.9500 . ?  
C18B C19B 1.393(3) . ?  
C18B C23B 1.397(3) . ?  
C19B C20B 1.393(3) . ?  
C19B H19B 0.9500 . ?  
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C20B C21B 1.383(3) . ?  
C20B H20B 0.9500 . ?  
C21B C22B 1.387(3) . ?  
C21B H21B 0.9500 . ?  
C22B C23B 1.385(3) . ?  
C22B H22B 0.9500 . ?  
C23B H23B 0.9500 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C1A O1A C17A 121.08(17) . . ?  
C11A O3A H3A 109.5 . . ?  
C2A C1A O1A 117.5(2) . . ?  
C2A C1A C6A 123.6(2) . . ?  
O1A C1A C6A 118.94(19) . . ?  
C1A C2A C3A 119.9(2) . . ?  
C1A C2A H2A 120.0 . . ?  
C3A C2A H2A 120.0 . . ?  
O2A C3A C2A 121.4(2) . . ?  
O2A C3A C4A 121.4(2) . . ?  
C2A C3A C4A 117.2(2) . . ?  
C5A C4A C3A 122.0(2) . . ?  
C5A C4A H4A 119.0 . . ?  
C3A C4A H4A 119.0 . . ?  
C4A C5A C6A 121.6(2) . . ?  
C4A C5A H5A 119.2 . . ?  
C6A C5A H5A 119.2 . . ?  
C7A C6A C1A 120.4(2) . . ?  
C7A C6A C5A 123.9(2) . . ?  
C1A C6A C5A 115.6(2) . . ?  
C6A C7A C8A 120.1(2) . . ?  
C6A C7A C18A 117.8(2) . . ?  
C8A C7A C18A 122.04(19) . . ?  
C17A C8A C7A 117.0(2) . . ?  
C17A C8A C9A 116.8(2) . . ?  
C7A C8A C9A 126.21(19) . . ?  
C10A C9A C14A 117.1(2) . . ?  
C10A C9A C8A 124.7(2) . . ?  
C14A C9A C8A 118.11(19) . . ?  
C11A C10A C9A 121.2(2) . . ?  
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C11A C10A H10A 119.4 . . ?  
C9A C10A H10A 119.4 . . ?  
O3A C11A C10A 116.2(2) . . ?  
O3A C11A C12A 122.5(2) . . ?  
C10A C11A C12A 121.3(2) . . ?  
C13A C12A C11A 118.7(2) . . ?  
C13A C12A H12A 120.7 . . ?  
C11A C12A H12A 120.7 . . ?  
C12A C13A C14A 122.4(2) . . ?  
C12A C13A H13A 118.8 . . ?  
C14A C13A H13A 118.8 . . ?  
C13A C14A C15A 120.2(2) . . ?  
C13A C14A C9A 119.3(2) . . ?  
C15A C14A C9A 120.4(2) . . ?  
C16A C15A C14A 121.5(2) . . ?  
C16A C15A H15A 119.2 . . ?  
C14A C15A H15A 119.2 . . ?  
C15A C16A C17A 118.7(2) . . ?  
C15A C16A H16A 120.7 . . ?  
C17A C16A H16A 120.7 . . ?  
O1A C17A C16A 113.38(19) . . ?  
O1A C17A C8A 122.4(2) . . ?  
C16A C17A C8A 124.3(2) . . ?  
C19A C18A C23A 119.6(2) . . ?  
C19A C18A C7A 119.8(2) . . ?  
C23A C18A C7A 120.59(19) . . ?  
C18A C19A C20A 120.3(2) . . ?  
C18A C19A H19A 119.9 . . ?  
C20A C19A H19A 119.9 . . ?  
C21A C20A C19A 119.9(2) . . ?  
C21A C20A H20A 120.1 . . ?  
C19A C20A H20A 120.1 . . ?  
C20A C21A C22A 120.3(2) . . ?  
C20A C21A H21A 119.9 . . ?  
C22A C21A H21A 119.9 . . ?  
C23A C22A C21A 119.8(2) . . ?  
C23A C22A H22A 120.1 . . ?  
C21A C22A H22A 120.1 . . ?  
C22A C23A C18A 120.1(2) . . ?  
C22A C23A H23A 120.0 . . ?  
C18A C23A H23A 120.0 . . ?  
C1B O1B C17B 120.98(16) . . ?  
C11B O3B H3B 109.5 . . ?  
C2B C1B O1B 117.35(19) . . ?  
C2B C1B C6B 123.8(2) . . ?  
O1B C1B C6B 118.75(19) . . ?  
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C1B C2B C3B 120.4(2) . . ?  
C1B C2B H2B 119.8 . . ?  
C3B C2B H2B 119.8 . . ?  
O2B C3B C2B 121.9(2) . . ?  
O2B C3B C4B 121.7(2) . . ?  
C2B C3B C4B 116.3(2) . . ?  
C5B C4B C3B 122.1(2) . . ?  
C5B C4B H4B 118.9 . . ?  
C3B C4B H4B 118.9 . . ?  
C4B C5B C6B 121.7(2) . . ?  
C4B C5B H5B 119.1 . . ?  
C6B C5B H5B 119.1 . . ?  
C7B C6B C5B 124.99(19) . . ?  
C7B C6B C1B 119.67(19) . . ?  
C5B C6B C1B 115.3(2) . . ?  
C6B C7B C8B 119.98(18) . . ?  
C6B C7B C18B 119.55(18) . . ?  
C8B C7B C18B 120.24(19) . . ?  
C17B C8B C7B 116.74(19) . . ?  
C17B C8B C9B 116.82(19) . . ?  
C7B C8B C9B 126.43(19) . . ?  
C10B C9B C14B 117.6(2) . . ?  
C10B C9B C8B 124.14(19) . . ?  
C14B C9B C8B 118.16(19) . . ?  
C11B C10B C9B 121.4(2) . . ?  
C11B C10B H10B 119.3 . . ?  
C9B C10B H10B 119.3 . . ?  
O3B C11B C10B 117.58(19) . . ?  
O3B C11B C12B 121.8(2) . . ?  
C10B C11B C12B 120.6(2) . . ?  
C13B C12B C11B 119.3(2) . . ?  
C13B C12B H12B 120.4 . . ?  
C11B C12B H12B 120.4 . . ?  
C12B C13B C14B 121.6(2) . . ?  
C12B C13B H13B 119.2 . . ?  
C14B C13B H13B 119.2 . . ?  
C15B C14B C13B 120.0(2) . . ?  
C15B C14B C9B 120.5(2) . . ?  
C13B C14B C9B 119.35(19) . . ?  
C16B C15B C14B 121.1(2) . . ?  
C16B C15B H15B 119.4 . . ?  
C14B C15B H15B 119.4 . . ?  
C15B C16B C17B 118.6(2) . . ?  
C15B C16B H16B 120.7 . . ?  
C17B C16B H16B 120.7 . . ?  
O1B C17B C8B 122.09(19) . . ?  
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O1B C17B C16B 113.87(18) . . ?  
C8B C17B C16B 124.0(2) . . ?  
C19B C18B C23B 119.00(19) . . ?  
C19B C18B C7B 123.4(2) . . ?  
C23B C18B C7B 117.61(19) . . ?  
C20B C19B C18B 119.9(2) . . ?  
C20B C19B H19B 120.1 . . ?  
C18B C19B H19B 120.1 . . ?  
C21B C20B C19B 120.4(2) . . ?  
C21B C20B H20B 119.8 . . ?  
C19B C20B H20B 119.8 . . ?  
C20B C21B C22B 120.2(2) . . ?  
C20B C21B H21B 119.9 . . ?  
C22B C21B H21B 119.9 . . ?  
C23B C22B C21B 119.5(2) . . ?  
C23B C22B H22B 120.3 . . ?  
C21B C22B H22B 120.3 . . ?  
C22B C23B C18B 121.0(2) . . ?  
C22B C23B H23B 119.5 . . ?  
C18B C23B H23B 119.5 . . ?  
  
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C17A O1A C1A C2A -178.25(19) . . . . ?  
C17A O1A C1A C6A -0.7(3) . . . . ?  
O1A C1A C2A C3A 174.7(2) . . . . ?  
C6A C1A C2A C3A -2.8(3) . . . . ?  
C1A C2A C3A O2A -176.8(2) . . . . ?  
C1A C2A C3A C4A 3.3(3) . . . . ?  
O2A C3A C4A C5A 177.4(2) . . . . ?  
C2A C3A C4A C5A -2.7(4) . . . . ?  
C3A C4A C5A C6A 1.3(4) . . . . ?  
C2A C1A C6A C7A 178.3(2) . . . . ?  
O1A C1A C6A C7A 0.8(3) . . . . ?  
C2A C1A C6A C5A 1.2(3) . . . . ?  
O1A C1A C6A C5A -176.17(19) . . . . ?  
C4A C5A C6A C7A -177.4(2) . . . . ?  
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C4A C5A C6A C1A -0.5(3) . . . . ?  
C1A C6A C7A C8A 1.6(3) . . . . ?  
C5A C6A C7A C8A 178.4(2) . . . . ?  
C1A C6A C7A C18A -175.3(2) . . . . ?  
C5A C6A C7A C18A 1.4(3) . . . . ?  
C6A C7A C8A C17A -4.1(3) . . . . ?  
C18A C7A C8A C17A 172.7(2) . . . . ?  
C6A C7A C8A C9A 175.6(2) . . . . ?  
C18A C7A C8A C9A -7.6(3) . . . . ?  
C17A C8A C9A C10A 172.2(2) . . . . ?  
C7A C8A C9A C10A -7.6(3) . . . . ?  
C17A C8A C9A C14A -4.4(3) . . . . ?  
C7A C8A C9A C14A 175.83(19) . . . . ?  
C14A C9A C10A C11A -1.2(3) . . . . ?  
C8A C9A C10A C11A -177.9(2) . . . . ?  
C9A C10A C11A O3A -178.97(19) . . . . ?  
C9A C10A C11A C12A 1.3(3) . . . . ?  
O3A C11A C12A C13A 179.3(2) . . . . ?  
C10A C11A C12A C13A -1.0(3) . . . . ?  
C11A C12A C13A C14A 0.7(3) . . . . ?  
C12A C13A C14A C15A 176.4(2) . . . . ?  
C12A C13A C14A C9A -0.8(3) . . . . ?  
C10A C9A C14A C13A 1.0(3) . . . . ?  
C8A C9A C14A C13A 177.83(19) . . . . ?  
C10A C9A C14A C15A -176.2(2) . . . . ?  
C8A C9A C14A C15A 0.7(3) . . . . ?  
C13A C14A C15A C16A -174.0(2) . . . . ?  
C9A C14A C15A C16A 3.1(3) . . . . ?  
C14A C15A C16A C17A -2.8(3) . . . . ?  
C1A O1A C17A C16A 177.62(18) . . . . ?  
C1A O1A C17A C8A -2.1(3) . . . . ?  
C15A C16A C17A O1A 178.91(19) . . . . ?  
C15A C16A C17A C8A -1.4(3) . . . . ?  
C7A C8A C17A O1A 4.4(3) . . . . ?  
C9A C8A C17A O1A -175.35(18) . . . . ?  
C7A C8A C17A C16A -175.25(19) . . . . ?  
C9A C8A C17A C16A 5.0(3) . . . . ?  
C6A C7A C18A C19A 105.0(2) . . . . ?  
C8A C7A C18A C19A -71.8(3) . . . . ?  
C6A C7A C18A C23A -76.2(3) . . . . ?  
C8A C7A C18A C23A 107.0(3) . . . . ?  
C23A C18A C19A C20A -2.8(3) . . . . ?  
C7A C18A C19A C20A 176.0(2) . . . . ?  
C18A C19A C20A C21A 0.0(3) . . . . ?  
C19A C20A C21A C22A 2.3(4) . . . . ?  
C20A C21A C22A C23A -1.8(4) . . . . ?  
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C21A C22A C23A C18A -0.9(4) . . . . ?  
C19A C18A C23A C22A 3.2(3) . . . . ?  
C7A C18A C23A C22A -175.6(2) . . . . ?  
C17B O1B C1B C2B -171.8(2) . . . . ?  
C17B O1B C1B C6B 11.1(3) . . . . ?  
O1B C1B C2B C3B -178.3(2) . . . . ?  
C6B C1B C2B C3B -1.4(4) . . . . ?  
C1B C2B C3B O2B -176.4(2) . . . . ?  
C1B C2B C3B C4B 4.3(3) . . . . ?  
O2B C3B C4B C5B 178.0(2) . . . . ?  
C2B C3B C4B C5B -2.8(4) . . . . ?  
C3B C4B C5B C6B -1.9(4) . . . . ?  
C4B C5B C6B C7B -173.8(2) . . . . ?  
C4B C5B C6B C1B 4.9(3) . . . . ?  
C2B C1B C6B C7B 175.4(2) . . . . ?  
O1B C1B C6B C7B -7.7(3) . . . . ?  
C2B C1B C6B C5B -3.3(3) . . . . ?  
O1B C1B C6B C5B 173.6(2) . . . . ?  
C5B C6B C7B C8B 174.2(2) . . . . ?  
C1B C6B C7B C8B -4.4(3) . . . . ?  
C5B C6B C7B C18B -11.3(3) . . . . ?  
C1B C6B C7B C18B 170.11(19) . . . . ?  
C6B C7B C8B C17B 12.8(3) . . . . ?  
C18B C7B C8B C17B -161.7(2) . . . . ?  
C6B C7B C8B C9B -168.6(2) . . . . ?  
C18B C7B C8B C9B 16.9(3) . . . . ?  
C17B C8B C9B C10B -167.7(2) . . . . ?  
C7B C8B C9B C10B 13.8(3) . . . . ?  
C17B C8B C9B C14B 8.7(3) . . . . ?  
C7B C8B C9B C14B -169.9(2) . . . . ?  
C14B C9B C10B C11B 1.6(3) . . . . ?  
C8B C9B C10B C11B 178.0(2) . . . . ?  
C9B C10B C11B O3B -178.41(19) . . . . ?  
C9B C10B C11B C12B 1.1(3) . . . . ?  
O3B C11B C12B C13B 177.7(2) . . . . ?  
C10B C11B C12B C13B -1.8(3) . . . . ?  
C11B C12B C13B C14B -0.3(3) . . . . ?  
C12B C13B C14B C15B -174.1(2) . . . . ?  
C12B C13B C14B C9B 3.1(3) . . . . ?  
C10B C9B C14B C15B 173.5(2) . . . . ?  
C8B C9B C14B C15B -3.0(3) . . . . ?  
C10B C9B C14B C13B -3.7(3) . . . . ?  
C8B C9B C14B C13B 179.77(19) . . . . ?  
C13B C14B C15B C16B 174.4(2) . . . . ?  
C9B C14B C15B C16B -2.8(3) . . . . ?  
C14B C15B C16B C17B 2.7(3) . . . . ?  
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C1B O1B C17B C8B -2.3(3) . . . . ?  
C1B O1B C17B C16B 178.54(19) . . . . ?  
C7B C8B C17B O1B -9.7(3) . . . . ?  
C9B C8B C17B O1B 171.59(19) . . . . ?  
C7B C8B C17B C16B 169.4(2) . . . . ?  
C9B C8B C17B C16B -9.3(3) . . . . ?  
C15B C16B C17B O1B -177.2(2) . . . . ?  
C15B C16B C17B C8B 3.7(3) . . . . ?  
C6B C7B C18B C19B 72.5(3) . . . . ?  
C8B C7B C18B C19B -113.0(2) . . . . ?  
C6B C7B C18B C23B -109.0(2) . . . . ?  
C8B C7B C18B C23B 65.5(3) . . . . ?  
C23B C18B C19B C20B -3.5(3) . . . . ?  
C7B C18B C19B C20B 174.9(2) . . . . ?  
C18B C19B C20B C21B 1.9(3) . . . . ?  
C19B C20B C21B C22B 1.4(3) . . . . ?  
C20B C21B C22B C23B -3.1(3) . . . . ?  
C21B C22B C23B C18B 1.4(3) . . . . ?  
C19B C18B C23B C22B 1.9(3) . . . . ?  
C7B C18B C23B C22B -176.68(19) . . . . ?  
  
loop_  
 _geom_hbond_atom_site_label_D  
 _geom_hbond_atom_site_label_H  
 _geom_hbond_atom_site_label_A  
 _geom_hbond_distance_DH  
 _geom_hbond_distance_HA  
 _geom_hbond_distance_DA  
 _geom_hbond_angle_DHA  
 _geom_hbond_site_symmetry_A  
O3A H3A O2A  0.84 1.80 2.622(2) 165.6 1_456  
O3B H3B O2B  0.84 1.82 2.663(2) 176.9 1_556  
  
_diffrn_measured_fraction_theta_max    0.996  
_diffrn_reflns_theta_full              25.0  
_diffrn_measured_fraction_theta_full   0.999  
_refine_diff_density_max    0.28  
_refine_diff_density_min   -0.23  
_refine_diff_density_rms    0.053  
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